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BBEflEHME 

B npaKTHKe 3 Jie KTp op ap h o h 3 m e p e h h ft H3MepeHHe nanpavKCHHT HBjiaeT- 
ca iiaHDo.xee pacnpocTpaHemioft oncpaiiHeii. npn stom onpepenaioT pa3- 
hoctb 3neKTpnHecKHX noTeHpHajioB huh napeHHe HanpaaceHHa Ha ynacTKe 
sneKTpHHecKOH penn (Ha ee sjieMeHTe). B KanecTBe epHHnpBi HanpaaceHna 
npHHHMaeTCJi bojtbt (B). Hcjibio HiMcpciiHa nocTOinmoro HanpaaceHHa % b - 
jiaeTca onpcpeneiiHC ero 3HaneHna h 3iiaKa noJiapHocra. npn H3MepeHHH 
nepeMeHHoro HanpaaceHHa onpepeJiaeTca KaKoft-jm6o ero napaMeTp (aMn- 
jiHTypHoe, cpepHee, cpepHeKBappaTiinecKoe hjih cpepHeBBinpaMJieHHoe 

3H3HeHH3). 

EoJiBinoft HHTepBaji (ot 10' 9 po 10 4 B) h ninpoKHil pnana30H nacTOT 
(ot HyneBbix po CBepxBbicoKHX nacTOT), H3MepaeMBix HanpjDKeHHH, Majiaa 
MOipHOCTB HCTOHHHKOB HanpiT/KCHHil, a TaK'/KC BBIGOKaa TOHHOCTB HiMCpCIIHa 
npHBeJIH K HCOOXO.THMOCTH HCn0JIB30BaHHa OOJTBIIIOrO KOJJHHCCTBa MCTOpOB 
H Cpe.XCTB HiMCpCHHil. 

HecMOTpa Ha Kaacyipyioca npocTOTy H3MepeHna HanpaaceHHa, cyipecT- 
ByeT pap MOMeHTOB, Ha KOTopBie Ha npaKTHKe hcooxo.thmo oopaTHTi> bhh- 
MaHHe. TaK, b nacTHOCTH, cJiepyeT y+HTBiBaTB HiyHTiipyioipee peftcTBHe 
BOJiBTMeTpa npn H3MepeHHH KaK nocTOiniHBix, TaK h nepcMcniiBix HanpjDKe- 
hhh. Bonee Toro, npn H3MepeHHH nepcMcniiBix HanpaaceHuft hcooxo.thmo 
y+HTblBaTb peaKTHBHyiO COCTaBJiaiOipyiO BXOPHOTO COnpOTHBJieHHa BOJiBTMeT- 
pa, BJiHJiHHe KOTopoil Ha pe3yjiBTaT pacTeT c poctom nacTOTBi CHrnajja. 

npn H3MepeHHH napaMeTpoM nepeMeHHBix HanpaaceHnft hcooxo.thmo 
y+HTBiBaTB KOHcxpyKTHBHBie oco6eHHocTH BOJiBTMeTpa. B BOJiBTMeTpax ne- 
peMeHHoro TOKa ocyipecTBpaeTca npcoopasoBaiiHe nepeMeHHoro Hanpaace- 
hh a b nocTOUHHoe, eooTBeTCTByiomee o.thomv H3 ero napaMeTpoB. Opna- 
ko Bee BOJiBTMeTpBi nepeMeHHoro TOKa 3a hck-Tiohchhcm HMnyjiBCHBix, 
rpapynpyioTca b cpepHeKBappaTHnecKHX 3HaneHHax HanpaaceHHa CHHycon- 
pajIBHOft (jlOpMBI. 

TaKHM o6pa30M, b BOJiBTMeTpax nepeMeHHoro TOKa noKa3BiBaeMBift 
napaMeTp nepeMeHHoro HanpaaceHHa (cpepHeKBappaTunecKoe 3HaneHHe) 
b ooihcm cjiynae He eooTBeTCTByeT H3MepaeM0My napaMeTpy. 3 to HMeeT 
cymecTBeHHoe 'iiiaHciiHe npn H3MepeHHH Hanpaacemift, (|)op\ia kotopbix ot- 



jiHHHa ot CHHycoH^anijHOH. J\jm onpe/ieneHM 3HaneHHH Tpe6yeMoro napa- 
MeTpa nepeMeHHoro HanpjDKeHJM iicooxo/ihmo b o6meM cjiynae man. bh/i 
npeo6pa30BaTeJM BontTMeTpa, (JiopMy H3MepneMoro HanpiDKeHnu, a TaK>Ke 
THn ISXO, 3a BOJTbTMCTpa (oTKpBITBIH HJIH BaKpBITBIH). IlpeHe6pe)KeHHe 3TOH 
HHcJtopMapHeH npHBO/iHT, KaK npaBHJio, k cymecTBeHHtiM norpeniHOCTHM pe- 
3ym>TaTa H3\tcpcitH3. PaccMOTpeHHio ocoocnnocTcii HixtepcttHtt napaMeT- 
poB Hanp3)KeHH3 nocB>mieHo HacTonmee nocoEne. 


1. OBILtHE CBE^EHHil OE M3MEPEHMM HAIIPiDKEHIia 


1.1 HivtcpacMBie napaxtc'TpBi nanpawcitHti 


B 33BHCHMOCTH OT XapaKTepa H3MeHeHHH nanptT/tXCHHtl BO BpeMeHH 

pa3JTH'iatoT nocTOflHHoe h nepeMeHHoe nanptrAxitHti. B cboio 0'iepc/iB, ne- 
peMeHHoe HanpataceHHe mo>kho pa3,TCJiHTt> Ha ncpHO/it-iBecKoe h nencpiTO/iH- 
necKoe. fliw nepHo/iHHecKH H3MeHaiomeroca HanpsDKeHHH ero (JtopMa Mo>KeT 
6t>m> npoHiBO.TBiia. O obi hi to Ha npaKTHKe t-nxicptiioT nocToaHHoe Hanpaace- 
HHe h napaMeTpti nepeMeHHoro HanpaaceHHa. TaKHMH napaMeTpaMH aBJiaioT-ca: 
aMnjiHTy^Hoe, cpe^Hee, cpe^HeBBinpHMneHHoe h cpe^HeKBa/ipaTHHec- 
Koe 3HaneHH3 HanpaaceHHa. 

AMnjiHTVflHoe (miKOBoe) 3HaneHHe U m - HanEoJibinee MrHOBeHHoe 
3HaneHHe HanpaaceHHa U(t) 3a BpeMJi i-nxicpciii-ta T. Ecjih cnraan - 

HeCHMMeTpHHHBIH, TO pa3JIHHaiOT nOJKOKHTeJIbHOe U+ n (MaKCHMajIBHOe) H 


OTpHItaTC-TBIIOe U m (MHHHMajIbHOe) 3HaneHHH. 

CpeflHee 3HaqeHiie U cp - cpe^Hee 3a BpeMJi H3MepeHHa 3HaneHHe 
HanpjDKeHHJi, Korapoe onpe^enaeTca BbipaaceHneM 

1^ 

U CD = \ U(t)dt. 

' T 0 

Cpc/inee 3HaneHHe no cymecTBy, aBitaeTca nocToaHHoil cocTarwiaioiueil 
CHrnajra 3a Bpcxia T. 

CpeaHeBbinpgMJieHHoe 3HaqeHiie U cp e - cpe^Hee 3a BpeMa H3Mepe- 
Hna T 3HaneHHe Mo^yaa HanpaaceHHa: 

1^ 

U CDfl = - J I /7(f) I dt. 

' T 0 

CpeaHeKBaapaTiwecKoe 3HaneHHe U - KopeHb KBa^paTHtiii H3 cpe/i- 
Hero 3a BpeMa HixtcpcitHti KBa/ipa'ia HanpaaceHHa: 

U = 



( 1 ) 


( 2 ) 


( 3 ) 


4 


KBa/ipaT cpe/iHeKBaTipaTHHecKoro 3HaqeHHa HanpaaceHHa mo>kho npe,n- 
CTaBHTB KaK 311336111-10 CpC/IUCH MOIUIIOCTH, paCCeHBaeMOH Ha COnpOTHBJie- 
HHH 1 Om. 

H3 cncKTpajTBitoro rtpcptCTaBjicitHa cnrHanoB H3BecTHO, hto kb3,t- 
paT cpe/iHeKBaTipaTHHecKoro 3HaneHHa nepHO^HHecKoro HanpaaceHHa He- 
CHHyeoH/iaiibHOH (JtopMBi paBeH cyMMe KBa^paTOB cpe^HeKBa^paTHnecKHX 
.. _,2 

3HaneHHH U ■ Bcex rapMOHHK, BKnioHaa h nocToaHHyio cocTaBJiaiomyio: 

..2 ,.2 2 2 

U — U Qp + U j + u ^ + . . . . 

TaKHM o6pa30M, cpepneKBa/ipaTi-tHecKoc iiianem-te ncpi-io/ii-tHCCKoro 
HanpjDKeHHJI HeCHHyCOHTialIbHOH (JlOpMBI He 3aBHCHT OT (j)a30BbIX COOTHOnie- 
HHH Xte'/K.Ty rapMOHHHeCKHMH C O C T a B .1 3 1 0 lit H XT H . 

Cb33b Me>K3iy aMnuHTy^HBiM, cpe^HeBBinpflMJieHHBiM, cpe/iHeKBaTipaTH- 
necKHM 3HaneHHHMH ycTaHaBUHBaeTCH nepe3 K03(jxJ)HiiHeHT aMnnnryuM k a 
H K03(J)(J)Hi;HeHT (JlOpMbI k 3HaHeHHH K03(J)(J)HI3HeHT0B k a H k,p 33BH- 
cut ot (jiopMbi cnrHajia. Ko3(})(|)HLiHeHT aMnnHTy^bi onpeAenaeTCH OTHOineHHH- 
eM aMnjiHTy/iHoro 3HaneHH3 Hanpa>KeHHH k cpe^HeKBa^paTHHecKOMy 3Hane- 
hhio: 


k a = U m'U- 

Ko3(Jx|)Hi3HeHT (JiopMBi onpe^enHeTCH oTHomeHneM cpe^HeKBa/ipaTHHecKoro 
3HaneHH3 Hanpa>KeHHH k cpeAHeBbinpHMneHHOMy: 

k<p ! U C p g ■ 

Cne^OBaTenbHO, 3Ha a KostjujiHiiHeHTbi k a , k# h o^ho H3 3HaneHHH 

HanpiDKeHHH, mo>kho onpe^enHTb /ipyrne 3HaneHH3. 3HaneHHH ko3(})(|)hiih- 
eHTOB y^oBneTBopHioT cne/iyiomeMy HepaBeHCTBy: 

1 ^ k (]) < k a . 

3HaK paBeHCTBa BbinoJiHaeTCH rmi HanpiDKeHHH nocTOHHHoro TOKa h 
H anpiDKeHHH (JiopMbi "MeaH/ip". 3HaneHHH K03(})(|)HLiHeHT0B k a h k^ rjisl 
pa3HHHHbix HanSonee ynoTpeEnaeMbix cnrHanoB npe^CTaBJieHbi b Ta6n.l. 
HHor/ia Hcnonb3yeTc>i K03(J)(})HiiHeHT ycpe^HeHM k y , onpe/ieiiHeMbiH ot- 
HomeHHeM aMnnHTy^Horo 3HaneHH3 HanpiDKeHHH k cpe^HeBbinpHMJieHHOMy: 

ky - U m / U C p e . 
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TaDJiHiia 1 


(PopMCl. 

cuenajia 

rpatpuK 

Ko3(p(p 

K a 

uiiuenm 

K t 

CunycoudanbHan 

A A ‘ 

1,41 

1,1 

V v 

Ilyji bcupyunnan 

( deyxnojiynepuodubiu 
tibinpnMumejib) 

/VYYA < 

1,41 

1,11 


llyjibcupyunnan 

( odtwnojiynepuodHbiu 
ebinpHMumeJib) 

J\ A * 

2 

1,57 


1 huioodpainan 


1,73 

1,16 


Tpeyeo.ibnan 
( cuMMempumian) 

VW\ / 

1,73 

1,16 


1 1 pflMOyZOJl b HUH 
(Meaudp) 

1 — ii — i * 

1 

1 

u L 


1.2. MeTOflbi h cpejcTBa H3MepeHiiJi HanpjmeHi-ui 

H'iMcpciiHa nocTOJiHHoro h nepeMeHHoro HanpjDKeHHil ncnoai/iy- 
eTca hjih mcto/i nenocpc.acTBcnnoH oiichkh, huh mcto/ibi cpaBHeHHH, 

B HaCTHOCTH HyjieBOH H ,aH(|K|)CpCni[HaaBHI>IH. Pa'iHbie MCTO^HKH H'JMCpCIIHH 
HanpjDKeHHH Tpe6yiOT pa3JIHHHbIX npHHIJHnOB nOCTpOeffiM BOJIbTMeTpOB. 
Pa3HHHai0T H3MepHTem>Hbie npHSopbi npjiMoro peHCTBiui h npH6opbi cpaBHe- 
hhjl Ododihchhbic crpyKTypiiBic cxcmbi 3thx npnoopoB npepcTaBjieHM co- 
oTBeTCTBeHHo Ha pnc. 1 h 2. Ha pncyHKax npHHJiTBi cJic.ayioiHHc o6o3Ha- 
HCHH3: 77;, 1 1 2 , . .., 77„ - H3MCpHTCJTI>IIBie n p CO 6 p a 30 B 3T C JT H ; OY - OT- 
cneTHoe (perncTpupyiomee) ycTponcTBo; YC - ycTpoilcTBo cpaBHeHHJi; 

WM - ycTpoilcTBo ynpaBiienHfl Mepoil; M - ynpaBjiaeMaa Mepa; U x - H3- 
Mcpacvioc snanenHC HanpjDKeHHH; U„, - anaHcniie HanpjDKeHHH, BocnpoH3- 
bo/ihmoc Mepoil. 



Pur. I 


UtUh 



Piic. 2 

Ochobhbim pa3JiHHHeM crpy Kiypiibix cxeM hbjihctch HajiHHHe b cxeMe 
npn6opoB cpaBHeHHH penn oSpaTHoil cbji3h. CipyKTypa nopo6Hbix npn6o- 
pOB HBJIHeTCH 33MKHyTOH, npH 3TOM B penH oSpaTHOH CBH3H P0JDKH3 (})Op- 
MHpOBaTBCH (|)H3HHCCKaH BeJIHHHHa, OPHOpOPHaH C H3MCpHCMOH. B Ka'ICCT- 
Be HiMCpHTC-TBHBIX n p C O 6 p 3 3 O B 3T C JI C H MOTyT npHMCHHTBCH peJIHTeJIH Ha- 
npHJKeHHH, KaTOPHbie, 3MHTTepHBie HUH HCTOKOBBie nOBTOpHTeJIH, yCHJIH- 
TenbHbie cxeMti, npeo6pa30BaTenH cpepHeBbinpHMJieHHbix, cpepHeKBappaTH- 
necKHX h aMnnHTynHBix 3H3HeHHH HanpjDKeHHH, npeo6pa30BaTenH HanpjDKe- 
HHH aHanor - pn(})pa h pn(})pa - aHajior h pp. 
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IlpH Hcno-ii/ionaiiHH npnoopoB iicnocpe/iCTBcniioii oiichxh nianeiiHe 
H 3 MepaeMOH BejIHHHHBI OnpC.TCJiaiOT no OTCHeTHOMy yCTpOHCTBy. l lpHDOp 
npe/iBapHTenbHO rpa/iynpycTCfl c noMoimno oOpaniOBBix Mep hjih oopaino- 
bbix H 3 MepHTeni>HBix npnoopoB. IlpH HyneBOM m cione b nponcccc epaBHe- 
HH 3 3 HaneHHH HivicpacMoro HanpaaceHHa h HanpaaceHHa, b o c n p o h 3 b o /i h m o - 
ro Mepoii, /toOHBaioTca hx paBeHCTBa. FbMepaeMaa BenHHHHa onpe/iejia- 
eTca nianeiiHCM HanpaaceHHa vicpBi. TaKHM o 6 pa 30 M, BenHHHHa vicpBi .nonac- 
Ha HMeTB B 03 M 0 >KH 0 CTB njiaBHOH peryjIHpOBXH. B BOJTBTMCTpaX, HCnOJTB- 

3yiomHx /[HcJ)(})epeHiiHajii>HBiH Mera/i, b o6meM cjiynae 3a^ana xiocTHaceHna 
paBeHCTBa 3HaneHHH HiMepacMoro HanpaaceHHa h HanpaaceHHa vicpBi He 
CTaBHTca. B 3tom cjiynae npi-toop H3MepjieT pa3HOCTB nianeiiHH sthx Ha- 
npaaceHHH h HMeeT rpa.TVHpoBKy b e/iwiHnax HiMepacMOH bcjihhhhbl BenH- 
HHH3 MCpBI MOaCeT 6l>ITB nOCTOaHHOH HUH H3MCItaTBCa /[HCKpCTHO. 

CornacHO FOCT 22261-82 cpc/icnsa HiMepenna HanpaaceHHH OTHoeai - 
c a x no/irpynne B. Flo/irpynna b cboio onepe,HB .neJiHTca Ha cne^yiomne 
bh/ibi: 

B 1 - npn6opBi .HJia ycTaHOBKH huh noBepKH BOJiBTMeTpoB; 

B2 - BOJiBTMeTpBi nocToaHHoro HanpaaceHHa; 

B3 - BOJiBTMeTpBi nepeMeHHoro HanpaaceHHa; 

B4 - BOJiBTMeTpBi HMnyjiBCHoro HanpaaceHHa; 

B6 - CeJieKTHBHBie BOJiBTMeTpBi; 

B7 - yHHBepcajiBHBie BOJiBTMeTpBi; 

B8 - H3MepHTeJiH OTHomeHHa HanpaaceHHH h (hjih) pa3HOCTH Hanpa- 
aceHHH; 

B9 - npeo6pa30BaTeJiH iianpa'/Kcnna. 

IIomhmo ^eJieHHa Ha bh,hbi, BOJiBTMeTpBi npHHaTO /[eJiHTB Ha aHajioro- 
BBie h uHiJipoBBie. B ^ajiBHeiimeM 6yziyT paccMOTpeHBi BOJiBTMeTpBi nocToaH- 
hoto h nepeMeHHoro HanpaaceHHa, iim|)poBBie h aHajioroBBie. 

1.3 OcHQBHBie MeTpojioniHecKiie xapaKTepiiCTHKH BOJiBTMexpoB 

CoraacHO FOCT 8.009-84 ochobhbimh m e t p o ji o r h n e c x h m h xapaxTepnc- 
THKaMH BOJiBTMeTpoB aBJiaioTca: 

1) peHa .neJieHHa paBHOMepHoil niKajiBi hjih MHHHMajiBHaa peHa ^ejie- 
HHa HepaBHOMepHOH niKajiBi; 

2) npe^eJiBi niKajiBi npn6opa; 

3) BBixo/iiioii koa, hhcjio paapa/ioii Ko^a, HOMHHajiBHaa iiena e/niiiH- 
ljbi HaHMeHBinero pa ipa/ia xo.Ta epe.TC'iBa H3MepeHHa; 

4) npe/ieji .nonycxaeMoro 3HaneHH a ochobhoh norpenmocTH epe/iCTB 
H3MepeHHH hjih npH/ieJi /[onycKaeMoro 3HaneHHa epe.HHexBa.npaTHHecxoro 
OTKJioHeHHa cJiynaHHOH cocTaBJiaiomeH ochobhoh norpeniHOCTH; 


5) npe^eji .nonycxaeMoro 3HaneHHa /[onoJiHHTeJiBHOH norpeniHOCTH 
hjih ee cocTaBJiaiomHx (HanSojiBinee ^onycKaeMoe H3MeHeHHe norpenmocTH, 
o6ycjioBJieHHoe H3MeHeHneM BJiHaioninx bcjthhhh b npe/iejiax paooneii 06- 
jiacTH); 

6) Tpe6oBaHna k conpoTHBJieHHio bxo^hbix ncneii; 

7) Tpe6oBaHna k sjiexTponnTaHHio; 

8) TpcooBaiina k BpeMeHH ycTaHOBJieHHa paoonero peacHMa h npo- 
/[OJiacHTejiBHocTH HenpepBiBHOH paSoTBi cpe/icTBa H3MepeHHa; 

9) Tpe6oBaHHa k sjiexTpunecxoH npo'inocTH h conpoTHBJieHHio H30- 
jiapHH; 

10) Tpe6oBaHH a k cpc/icnsy H3MepeHHH npn kji HMaran e c x hx h Mexa- 
HHHeCKHX B03,TeiieiBHaX; 

11) Tpe6oBaHH a k KoncTpyKiiHii; 

12) ra6apHTHBie pa3MepBi; 

13) Tpe6oBaHH a k Ha/ieacHOCTH; 

14) Tpe6oBaHHa k KOMnjieKTHOCTH; 

15) Tpe6oBaHna k 6e3onacHocTH. 

IlepeHHCJieHHBie MCTpono run cc khc xapaKTepiiCTHKH oTpaacaioTca b Tex- 
HHHeCKOH /[OKVMCIITailHH Ha H3MepHTeJIBHBIH npH6op. Ohm HCnOJIB3yiOTCa 
.HJia opeHKH norpeniHOCTeii H3MepeHHH, npoH3BO,HHMBix b HopMajiBHBix hjih 
pa6oHHX ycJiOBHax, a Taxace npn BBi6ope epe/iCTB H3MepeHHa /yia npaxra- 
HCCKOrO HCn0JIB30BaHHa. 

1.4. llorpemHOCTii BOJiBTMeTpoB 

IlpH H3MepeHHH HanpaaceHHa c noMoimno BOJiBTMeTpoB b toh hjih hhoh 
CTeneHH npneyTCTByioT MeTo^nnecxHe, HHCTpyMeHTajiBHBie h cy6BeKTHBHBie 
norpeniHOCTH. CySBexTiiBHBie norpeniHOCTH oSycjioBJieHBi HH/iHBH/iyajiBHBiMH 
oeo6eHHOCTaMH oneparapa. I IpH'iHiioH noaBJieHHa MCTO/innecKOH norpeuiHoc- 
th b o6meM cjiynae aBJiaeTca HeeoBepineHCTBo mctohbi H3MepeHna. IlpHMe- 
HHTeJiBHO k H3MepeHHK> HanpaaceHHa 3to npoaBJiaeTca bo BJinaHHH bxo.thbix 
xapaKTepncTHK BOJiBTMeTpa Ha peacHM pa6oTBi penn, r/ie ocymecTBJiaeTca 
H3MepeHHe. B ncKOTopbix cjiynaax no.TOOiioc BJinaHHeMoaceT 6bitb oneiie- 
ho KOJinnecTBeHHO, hto no3BOJiaeT yMeHBHiHTB mcto,thhcck\to norpeuiHOCTB. 

FlHCTpyMeHTajiBHaa norpeuiHOCTB Bo niHKacT H3-3a HecoBepineHCTBa 
epe.TCTBa H3MepeHHa, a Taxace H3-3a hctohiiocth ncpena'in paoo'iHM 
Cpe.TCTBaM H3MepeHHH pa3MepOB e.THHHII COOTBeTCTByiOmHX (|)H3HHCCKHX Be- 
jihhhh. HeeoBepineHCTBo cpe/icus H3MepeHna BXjnonaeT b ce6a xax pa3- 
6poc napaMeTpoB cocTaBJiaiomHx ero sjieMeHTOB, Tax h BJinaHHe ycJiOBHH 
npoBenenna sxenepHMCHTa Ha ero pe3yjiBTaT (H3MepeHHe TMnepaTypBi 
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OKpy>KaiomeH cpe^ti, BJiaiKHocTH B03/iyxa, BHeniHHx aneKTpHHecKHx hjih 
M arHHTHBix nojieil, HanpjDKeHHH ceTeBoro nmaHis h t./i.). 

HHCTpyMeHTajiBHyio norpeniHOCTb cpe/iCTBa H3MepeHHH npHHJiTO %e- 
JIHTB Ha OCHOBHyiO H JIOrTOJJIIHTCJJbHy 10. OCHOBHOH nOipemHOCTBIO H3MepH- 
TenbHoro npnSopa Ha3biBaioT norpemHOCTb, HMeiomyio MecTO b HopMajibHbix 
ycnoBHHX. HopMajibHbiMH c'lHTaioTca TaKHe ycnoBHa, rrpii KOTopbix nnmuo- 
mne Ha MeTponornnecKHe xapaKTepncraKH npn6opa (JjaKTopbi (TeMnepaTy- 
pa, bji3)khocti>, nHTaiomee HanpjDKeHHe h h HeHHijjopMaTHBHbie na- 
paMeTpbi Bxo/iHoro cnraana He npeBbimaioT 3a,naHHbie 3HaneHHa (HopMajib- 
Hbie 3HaHeHH3). HeHH(})opMaTHBHbiMH napaMeTpaMH Ha3biBai0Tca napaMeTpbi, 
He cBjmHHbie (|)yiiKiiHoiiajTbno c H3\iepaeMoii BenHHHHOH, ho bjihhioiuhc Ha 
MeTpojiorHHecKHe xapaKTepncTHKH cpe/icTBa H3MepeHHa (nepno^, <})opMa 
cnraana). .HonoJiHHTeJibHaa norpeniHOCTb B03HHKaeT npn otjihhhh 3Hane- 
HHH BJIHJHOmHX BeJIHHHH OT HOpMajIbHbIX 3HaHeHHH. 

<t>opMbi Bbipa'/KxiiHa ocnoBiibix h ^onojiHHTenbHbix norpeniHocTeH onpe- 
jicneiibi TOCT 8.401-80 h FOCT 22261-82. I [pc/ienbi ponycKaevibix ocnoB-iibix 
h ^onoJiHHTenbHbix norpeniHOCTeil epe/iCTB H3MepeHHa MoryT BbipaixaTb- ca 
KaK B OPHIiaKOBOil, Tax H B pa3JIHHHOH (|)op\ie. 

J\sifL BOJIBTMeTpOB npHMCHaiOTCa CHe/iyiOmHe CTaH/iapTHbie (J)OpMBI Bbl- 
paaceHH a npe^enoB .zionycicaeMbix ocHOBHbix norpeniHocTeH: 
a6cojnoTHaa norpeniHOCTb (b BOJibTax) 


HJIH 


HJIH 


HJIH 


HJIH 


A = u e - u x = ±a 


A = ±(a + bU fi )\ 


npHBe^eHHaa norpeniHOCTb (b npoijeHTax) 

100- A 

o = = +p\ 

n u K 

OTHOCHTeJiBHan norpeniHOCTb (b npoijeHTax) 

100A 

Or, = = ±<7 

0 U x 


s o =± 


c+d\ 

Uk 

4 

[ l 

Ux 

jj 


s o = 


c+- 




:±|C±^ 

u, 




6 J 


(6) 

(7) 


(9) 

( 10 ) 


B npHBe^eHHbix cjiopMyjiax npnHHTbi o6o3HaneHHa: U K - HopMHpyiomee 
3iia l icnne HanpaaceHHa, o 6 bin ho npe/iejibiioe uiaHcinie; U e - noKaiainie 
BOJibTMeTpa; U x - ^eiicTBiiTeJibHoe ana'icinie ii JMcpaeMoii BCJiiiniinbi; a , 
b , c, d,p, q - nocTOHHHbie nncjia, co^epacamHe He 6ojiee .nByx 
ananainiix ipnfip. OncJia pcKOMeipiycTca 6paTb H3 pa/ia (1; 1,5; 2; 2,5; 

3; 4; 5; 6; 7; 8) • 10", rae n - 1, 0, -1, -2,... 

J\jw ijH(|)poBbix BOJibTMeTpoB corjiacHO FOCT 14014-82 HcnoJib3yioTca 
(JjopMbi BbipaiKeHHH npe/ieJiOB .nonycxaeMbix norpeniHocTeH no (})opMyjiaM (6), 
(9), (10) (t36ji. 2). 


Tao.Tima 2 


0opMyna dun 
npedenbHou ochoghou 
noapeuiHocmu 

Ilpedenbi donycKaeMou 
ocHOBHou noepeuiHocmu 
% 

06o3Hcmemie 
miacca moHHoemu 

na 

npudope 

npuMep 

100- A 

o = = ±p 

n U K 

+p 

a 

UJIU 

a 

V 

i 

UJIU 

1,5 

V 

II 

C+f/^ 

u k 

U x 

-')] 


c/d 

0,02/0,01 

100- A 

# » = V X = ±? 

+q 

q 

2 

A = ±a 

A = ±(a + bU x ) 

±(a + bU x ) 

PUMCKUe 

IfUfppbl 

UJIU 

jiamuucKue 

6yK6bl 

L 


Ilpe/ieJi /[onycKaeMOH ochobhoh norpeniHOCTH BOJibTMeTpa onpe^eJiaeT- 
Ca KJiaCCOM TOHHOCTH 3TOTO npHOOpa npH npHMeHeHHH ero B HopMajibHbix 
yCJIOBHHX. 

/JonojiHHTejibHbie norpeniHOCTH HopMHpyioT b Bnj\e ^onycxaeMbix no- 
rpeniHocTeH hjih b BH,ne (JjyHKiiHH BJIH3HHH, KOTopbie MoryT 6biTb npe^cTaB- 
jieHbi aHajiHTHnecKH, rpa^HnecKH hjih Ta6jiHHHO. 

II p h m e p. JonojiHHTeJibHag norpeniHOCTb, onpejieJiaeMaa qacTO- 
toh H3MepneMoro CHmajia (pc jOHaiicHag norpeniHOCTb) . 

BonbTMeTp noAKjnonaeToi k H3MepHTejibHon penn c noMombio coe,ziH- 

HHTeJIbHblX npOBO.TOB, KOTOpbie HMeiOT HH/iyKTHBirOCTb L, II L?, eM- 
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KOCTb C , a TaiOKe aKTHBHbie COnpOTHBJieHHH R I H R 2 . BonbTMCTp HMe- 
eT BXO/IIIOC aKTHBHOe COnpOTHB.lCHHC R sx H BXOpiryiO eMKOCTB C„ x . 3k- 
BHBaneHTHafl cxeMa bxoahoh penn npe/iCTaBJieHa Ha pnc. 3. 



, „ 4 -.cst - c L 

Lz R t Y 

p. rrrcrrf\ 1 I 1 1 

Phc. 3 

3to He hto HHoe, Kax nocne^OBaTentHBiH xoneGaTenbiibiii KOHTyp. 
npH 3tom pe30HaHCHaa nacTOTa 3Toro KOHTypa fo onpe^enaeTCH no 4>op- 
Myne 

f 0 = I (ID 

2 ^(L l+ L 2 )(C ex +C L ) 

IlpH npHOJTH'/KCHHH nacTOTbi HiMcpaeMoro ch Tirana/ K pC'iOnailCHOH 
'iacTOTc /o nopaBaeMoe Ha bxo,t OTCHCTiroro ycTponcTBa BiiaHeime Ha- 
npjDKeHHH yBenHHHBaeTC>i. 3to npHBO/iHT k nojiBiieHHio ^ononHHTenbHOH 
norpeniHOCTH HiMcpemiH. Hop Mania ran oonacTB nacTOT, pin a xoTopon ycTa- 
HaBJiHBaioTCH npepienbi ochobhoh norpeniHOCTH BonbTMeTpa, HaxoziHTCH cy- 
mecTBeHHO HH)Ke fo - PaGonaa o 6 nacTb nacTOT imicpacMbix HanpaaceHHH 
6 oJibme HopMajibHOH. BenHHHHa .ziononHHTenbHOH norpeniHOCTH 3 a,naeTCH 
b nacnopTe Ha npnoop 3 aBHCHMOCTH ot 3 HaHeHHH nacTOTbi b paoo'ieii 
OOJiaCTH HaCTOT. 

IlpH H 3 MepeHHH HanpHHCeHHH HMeeT MeCTO MCTOPIUHCCKaH 
norpeniHOCTb, 

Bbi 3 BaHHaa HiyHTHpoBaHHeM bxo^hoh pernio BonbTMeTpa ynacTxa snexTpn- 
necKOH iicnn, Ha KorapoM H 3 MepaeTca napie- 

1 HHe HanpaaceHHH. IlycTb iicooxo/ihmo H3Me- 

1 A .A pHTb napieinic HanpaaceHHH Ha conpoTHBJie- 

w t U « | HHH R i b nenn, rrpe/iCTaBncnnoii na pnc. 4, 

g t ^ j — I rpie R e - Bxopnoe conpoTHBneHne BonbT- 

1— li MCTpa. OobFino ono sapiacTca b nopviHpoBan- 

Phc. 4 Hbix e/u-niHiiax, n3MepaeMbix b kOm/B, rpie 

b KanecTBe HopMHpyiomeH bc-Thhhhbi o6bihho BbiOnpaeTca npepeuBnoe 3Ha- 
neHHe HiMcpaeMoro HanpjDKeHHH (Ha Bbiopainioii niKane). OnpepenuM no- 
rpeniHOCTb inyHTHpoBaHHH, npeHe6peraa BHyTpeHHHM conpoTHBneHHeM hc- 


TOHHHKa: 


U =U 

X 6 


/ R 2 +R\ / Rft 

\+Rl!R 2 ’ 
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yHHTbIBaH, HTO 


^ out 


100 (U„-U Y ) 


nonyHHM 


IlpH R 2 »R] 




1 + RJR 2 
1 + RJR 2 +RJR e 


c too ns . 

om 1 +R (i !Ri' ’ 

B o6ipeM cjiynae norpeniHOCTb inyHTHpoBaHHH onpepenaeTca 
cooTHome- 

HHeM Bxopnoro conpoTHBneHHH BonbTMeTpa h conpoTHBJieHHH shcmchtob 
nenn. OicBiipuio, hto npn yBcniiHciniH Bxopnoro conpoTHBneHHH BOJibTMeT- 
pa OTHOCHTeJibHO conpoTHBneHHH pe3HCTopa R t norpeniHOCTb inyHTHpoBa- 
hhh yMcnbinacTca. TaKHM o6pa30M, npn H3MepeHHH nanpavKCHHa hcooxo/ih- 
mo 3HaTb xot h 6bi nopupoK 3HaHeHHn conpoTHBJieHHH sneMcnTa nenn, Ha 
KorapoM HSMcpacTca napeiiHC HanpiDKeHHn, h BbionpaTB BonbTMeTp c bxo/i- 
HblM COnpOTHBJieHHeM, MHOTO SonbniHM BenHHHHbl 3TOTO conpoTHBJieHHH. 

Ha npaKTHKe norpeniHOCTb inyHTiipoBaHHH pacneTHbiM nyTeM onpe/ie- 
nHTb aaTpypiiHTCHBiio, Tax Kax pjih stoto neooxopiiMO 3HaTb napaMeTpbi 
penn. CymecTByeT npneM Haxo>iyieHHH norpeniHOCTH inyHTnpoBaHHH 
MCTO/IOM 

KOHTpojibHoro H3MepeHHH. npeo6pa3yeM Bbipa>xeHHe (13), nopeniiB hhchh- 
Tenb h 3HaMeHaTeJib Ha (1 +R I /R 2 ): 

U x =U e (l + R 3 / R b ), (16) 

R] Ri 

r/ie R „ = — — — . 

nycTb nocne ne noc p c,tct bc i ri io ro HiMcpciiiiH nonyHHM BenHHHHy Ha- 
npiDKeHHH \J e . noAxnioHHM napannenbHO BonbTMeTpy pe3HCTop c conpo- 
THBneHHeM, paBHbiM Bxo,THO\iy conpoTHBneHHio BonbTMeTpa. BenHHHHa 


peHHoro HanpsDxeHHH U„ npn stom H3MeHHTcn h cornacHO (11) 6yzieT 

OnpC.TCnHTBCH COOTHOHieHHeM 

/ R? 

U,. = U ( 1 + 2-^-). 


npnpaBHHB snaHcnnH U x , nonyHHM 


U e (\ + R 3 IR e ) = U e {\ + 2R 3 IR e ). 
OTCiopa 

R a _ Ue-uj 

R s luL-Uf, ' 
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HcnonB3ya BBipa'/Kxiine (10), nonynaeM 

j = u e -u x =u g * 3 = 


Ue-U'e 

lUg-Ug 


I IojiyneHHoe Bbipa'/KeiiHC no3BOJMeT bbihhcjihtb nonpaBKy k pe3ynBTa- 
Ty H3MepeHM, ycTpaHaiomyio CHCTeMaTHneeicyio onraGicy inyHTHpoBaHHa. 

1.5. Onpenenemie norpeniHOCTeii HgMgggHHg Hanpa>KeHHa 

3a^aqa l.Ha nncanax bojibtmgtpob hmciotch cne/iyiomnc 0603- 

HaneHHa miaccoB tohhocth: 0,5; 1 ; ©; 0,3/0, 1. Hani-icai B BBipaiKeHHa 

\/ 

npenenoB .nonycicaeMOH norpenmocTH rjisl Kaacnoro BOJiBTMeTpa. 

PemeHHe. 1. Bcm-ninna 0,5 cooTBeTCTByeT npe/ienBiioii npn- 
Be^eHHOH norpemHocra +0,5%. Ecjih H3MepeHHe HanpaaceHHa ocymecTBJia- 
eTca Ha npenene niKajibi U K B, to npenemmaa aScomoTHaa norpein- 
hoctb A onpenejinrca H3 BBipaaceHHa 


2. BeJiHHHHa 1 onpenenaeT npenen nonycicaeMOH norpemHOCTH, rue 

\/ 

b KanecTBe HopMHpyiomero 3HaneHHa BbicTynaeT HJiHHa imcajibi npn6opa. 

3. BenHHHHa © onpenenaeT npenen othochtcjibhoh norpemHOCTH 
peiyjiBTaia i+iMcpenna. Aocojnoniaa norpemHOCTb MO)KeT 6biTb BBiBHcacna 
C nOMOIIIblO BBipa'/KXHHa 


4. BenHHHHa 0,3/0, 1 onpenenaeT npenen nonycicaeMOH norpemHOC- 
TH, onpe/ieJiflevTOH BBipaaceHHeM 

3a/[ana 2. OnpeneuHTB B03MOJKHyio norpemHOCTb ijHiJipoBoro 
BOJiBTMeTpa Ha BepxHeM rrpc/ierie HiMepenna h b ccpe/nine /inanaiona H3- 
MepeHHH, ecJiH npenen nonycicaeMOH ochobhoh norpemHOCTH npnSopa bbi- 
paacaeTca (JiopMyjioH 

A = ± 0 J + 0 - 1 fx L “ 1 ] ■ 


O t b e t: 


/ M \ 

S' = ± 0,3+0,01 —1 =±0.03%; 

0 U J 


// / 0 

S ' = ± 0,3+0.01 — 1 

0 1 
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= ±0, 04%; 


TaKHM o6pa30M, npe/ieri oti roe ht cjtbho il norpemHOCTH HiMcpeiiHa 
B03pacTaeT c yMeHBineHHeM HjMcpacMoii bcjthhhhbi. 

3 a /i a n a 3. HanpaaceHHe H3MepaeTca /myna BOJiBTMeTpaMH. 

0/[hh HMeeT rrpcjien HiMepenna 20 B h KJiacc tohhocth 2,0; /ipyroii - 
eooTBeTCTBeHHO 100 B h KJiacc tohhocth 1,0. IloKa3aHHe KaKoro bojibt- 
MeTpa Ton nee, ecjm nepBHH BOJiBTMeTp rroKaian 18 B, a BTopon - 18,5 B? 

PemeHHe. /lorrycKaeMBie aoconiOTiiBic norpemHOCTH H3MepeHHa 
nepBBIM H BTOpBIM BOJiBTMeTpaMH paBHBI 


2-20 

100 


0.4B; 


= 1 B; 


IloKa3aHHe nepBoro BOJiBTMeTpa Tonnee. 

3 a j; a h a 4. Ha pe3HCTope R/= 50 kOm (pnc. 4) BOJiBTMeTpoM 
C HOpMHpOBaHHBIM BXOUHBIM COnpOTHBJieHHeM 20 kOm/B HIMCpaCTCa Hanpa- 
)KeHHe okojio 20 B. Knacc tohhocth rrpnoop a=l,5. I [pe/ienu H3Mepe- 
hh3 30, 60, 150 B. Hcooxo.thmo onpe/iejn-iTB Ha k3kom rrpc/iene cne/iycT 
npOH3BO/lHTB H3MepeHHe. 

PemeHHe. Onpc/iemiM Ha Kanc/ioM H3 npe/icnoB MaKCHMajiBHyio 
OTHOCHTeJiBHyio norpemHOCTb S z , CKJianBiBaiomyioca H3 norpemHOCTH, 3a- 
jjaBaeMOH KJiaccoM tohhocth, h norpemHOCTH inyHTHpoBaHHa. 

1. Ilpe/ien 30 B. OraocHTejiBHaa norpemHOCTb, onpe/ienaeMaa miac- 
com tohhocth BonbTMeTpa onpenenaeTca KaK 


S »~W, 


a-U k W0 _ 1,5-30 


= 2, 25%. 


IlorpemHOCTB iiiynTHpoBanmi bbihhcjihm npn ycnoBHH R 2 >>Rj no (|iop- 
Myne (9), ynHTBiBaa, hto /? Kt =20*30=600 kOm: 

8 = — 100 — = 7,67%. 

om 1+600/50 

Tor.ua ( 5 i =7,67%+2,25%=9,9%. 

2. I Ipe/ien 60 B. OraocHTejiBHaa norpemHOCTb 


= 7,67%. 


■ 5 o‘^ = 4 - 5% - 1 


norpemHOCTb niyHTHpOBaHHa 


* = 100 = 4%. 

om 1+1200/50 


rue /? sv =20*60=1200 kOm. Tor/ia dr=4%+4,5%=8,5%. 
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3. npeAen 150 B. OTirocHTC.XBiiaa norpeniHOCTB 


1,5150 

20 


11, 25%; 


norpeniHOCTB inyHTHpoBaHJM 

c 100 

8 = = 1, 64%. 

out 1+3000/50 

Tor.ua <5v=ll,25%+l,6%=12,9%. 

B pciyjTbTaxc, MHHHMajiBHaa o6maa OTirocHTC.XBiiaa norpcinnocTh 
H3MepeHM oy.xcT Ha npc.xe.xe 60 B. Om paBHa 8,5% Moikho yMenbiiiHTi, 
3Ty omnSKy nyTeM HCKaioHeHHa CHCTeMaTHnecKOH norpenmocTH myHTiipo- 
B3HH3 (17). IlpH 3TOM .XB3 HiMCpCHHa IICOOXO.XXIMO npOHJBO.XHTB Ha HIK3- 
Jie c HaHMeHtnieil norpeniHOCTBio, onpe^enaeMon xaaccoM tohhocth npn- 
6opa. 3 to nixajia 30 B. 

3 a ,n a h a 5. YHHBepcanBHBiM BOJiBTMeTpoM c xapaKTepucTuxa- 
mh, npHBe/ieHHBiMH b 3a.xaxc 4, H3MepeHO nocTC+ninoc nanpavxenHe Ha 
pe3HCTope R i=50 kOm ( R 2 >>R 2 ). Ha npc.xe.xe 30 B npnoop noica3aji 
U e = 19 B, a Ha npc.xe.xe 60 B - U e =19,7 B. Onpe^enHTt, KaKoe 
H3MepeHHe BBino.xneno c mchbiiich oomeii norpcmirocTBio. 

P e hi e h i e. H 3 pciiiciii+sr xa.xann 4 bh.xiio, hto MHHHMajiBHaa 
norpeniHocTt H3MepeHHa Ha npe/iene 60 B MeHBine, neM Ha npe/iene 
30 B, cne^oBaTentHo, pe3ynbTaT nxMcpenna Ha stom npc.xe.ie (19,7 B) 
6oJiee Tonen, hcm no.xynennBin pexyjiBiax Ha npe.xe.ie 30 B. 


2. BOJILTMETPbl nOCTOHHHOrO TOKA 


2.1. AHa+oxoBbie bojibtmctpbi HenocpeacxBeHHoil oueHKii 

CipyxiypHaa cxeMa ana.xoroBoro BO.XBT\rcxpa nocToannoro TOKa 
Henocpe/iCTBeHHOH opeHKH npe,xcTaBJieHa Ha pnc. 5, r,ne npHHaTBi cjie- 
.XyiOIHHC ODO JIiaHCHIHi: BY - BXO.XIIOe yCTpOHCTBO, HM - H3MCpHTCJTBHBlii 
MGX3HH3M, n - npeo6pa30BaTeJIB, OY - OTCHCTHOC yCTpOHCTBO. Bxo.xhoc 
ycTponcTBo h H3McpHTC-XBHBiil npeo6pa30BaTejiB npeo6pa3yioT H3Mcpac\Tyio 
BenHHHHy U x b HeKOTopyio npoMC'/xyTonnyio, BOj.ieiicTByiomyio Ha H3- 
MepHTeJIbHblH MeXaHH3M. B K3HCCTBC H3MepHTeJIBHOTO MeXaHH3Ma MOryT 
6bm> Hcnonb30BaHbi MarHHTOsneKTpHHecKHe, sjiexTpoMarHHTHBie huh 3JieK- 
TpocTaTHHecKHe npH6opbi. B BOJiBTMeTpax, Hcnonb3yeMbix .HJia pa^HOH3- 
MepeHHH, npHMeHJHOT, Kax npaBHJio, MarHHTosjiexTpiiHecKHe H3MepHTejiB- 
HBie \Tcxainx3\TBr. 3 th \iexanH3MBi oo.xa.xaioT bbicokoh nyBCTBHTeJiBHOCTBio 
(cymecTByioT npHSopBi c OTKJioHeHHeM CTpeJiKH Ha bcio niKany npn Toxe 
0,1 - 0,01 mkA). Kjiacc tohhocth m a r n ht ox .x e k t p h n e c k h x npnoopoB mo- 
>xeT 6biTb He xyace 0,1, a b neKoxopbix cjiynaax - h 0,05. 



npOCTeHHIHM BOJIBTMeTpOM HC nOCpC.XC X BCIIIEO H OHCHKH XRJl'ACTC'A npH- 
6op, Hcnonb3yiomHH MarHHTosjiexTpHHecKHH MexaHH3M c nocne^oBaTejib- 
ho coe^HHeHHBiM .xooaBonnuM pe3HCTopoM. CxeMa no.xoonoro BOJiBTMeTpa 
Ha HecKOJiBKO npc.xeJTOB HjMepcnna npc.xcTaB.xcna Ha pnc. 6. /looaBon- 
Hbie pe3HCTOpbI HCOOXO.XHMBI .X.XX npCOOpajOBaHHa H3MCpae\10rO HanpjDKe- 
hh a b nponopiiHonajTBHBiii eMy tok, hcooxo.xhmbih rjisl paooxw HM. 3nane- 
HHe conpoTHBJieHHH R jinn H3MepeHH3 Hanpji>KeHHH U x onpe,nejiaeTca no 
(JtopMyjie 

/ 0 = U I(R m + R), 

r.xe I 0 - tok nonHoro oxx-ionenna, R M - conpoTHBJieHHe H3MepHTeJiB- 
hoto MexaHH3Ma. J \ Jia npHBe.xennoii Ha pnc. 6 cxcmbi b KaneexBC R He- 
o6xo,xhmo opaTB R h R i+R 2 huh R j+R 2 +R 3 . I Ipix stom .x.xa xa>x,io- 
ro R npc.xeJTBi HiMcpcnna HanpajxeHHH pasmiHiiBi. 

norpeniHOCTb HixiepcniHi CKna/tBiBacTca H3 norpeniHOCTH H3MepHTejn>- 
hoto MexaHH3Ma h norpeniHOCTeH ,xo6aBO'niBix pe3HCTopoB. 

BonbTMeTpbi, nocTpocniiBie no cxeMe pnc. 5,hmciot paBHOMepHyio 
niKany, oSna/iaioT Soubhioh nyBCTBHTenBHOCTBio, /[ocTaTOHHO BbicoKoil toh- 
HOCTBK) H HIHpOKHM ,XHana30H0M HiMCpaCMBIX BeHHHHH (OT MHKpOBOJTBT .TO 
TbicsiH bojibt). O+naKo cymecTBeniiBiM ne,xocTaTKo\i no.xooiiBix BOJiBTMeT- 
pOB AttAACJCA HX HH3KOe BXO.XHOC COnpOTHBJieHHe. 

I lo.xoonoro ne.xocTaTKa He hmciot sjrcKTponiiBie bo.xbtmctpbi. 3.xckx- 
poHHbie BOJTBTMCTpBi CTpoM'rcx no CTpyKTypHOH cxeMe, npe.xcTaB.xeinioii 
Ha pnc. 5, TOe b Ka'iecTBC H3MepHTenbHoro npcoopasoBaTc.xa HcnonB- 
iycTcx ycHUHTenb nocToaimoro TOHa. jOnx noBBimeiiHa Bxo.xnoro conpo- 
THBJieHHH HCnOHb3yiOT KaTO^HblH, SMHTTepHblH HJIH HCTOKOBblH nOBTOpHTeJIB. 
K ycHJiHTeiMM nocToxinioro TOKa npc.XBaB.xxioTcx TaKHe TpcooBainxa, Kax 
BBIC0K33 JIHHeHHOCTB aMnjIHTynHOH XapaKTepHCTHKH, nOCTOHHCTBO K03(J)- 
4>HijHeHTa ycHJieHH3, ManBiH TeMnepaTypHBiH h BpeMeHHoil ;ipeH(J)Bi Hyna. 

C ne.xbio y.xoB.xcTBopcinxa ncpexHC-xeniiBiM TpeooBannaM npuNienaioT mocto- 
BBie oa.xancnBie cxeMBi. O.xnaKO y.xoB.xexBopHTB sthm Tp coo Ban ham b no.x- 
hoh Mepe Ha npaKTHKe He y.xaeTcx. Tax, nccTaoixxBiiocTB iiyneBoro 
ypOBHH npHBO/lHT K yMeHBHieHHK) HyBCTBHTeUBHOCTH SHeXTpOHHBIX BOJIBT - 

MeTpoB. B ne.xoM snexTpoHHBie bojibtmctpbi, oo.xa.xaa 6ojibhihm bxo^hbim 
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conpoTHBJieHHeM (po coTeH Me- 
raoM), He ooccnc'iHBaioT bbico- 
KOH HyBCTBHTeUbHOCTH H TOH- 
hocth H 3MepeHHH (norpemHocTb 

1,5 -2,5%). 

Eonbinafl HyBCTBHTeJibHOCTb 
h Bbicoicafl TOHHOCTb npH 6onb- 
UIOM BXOPHOM COnpOTHBJieHHH PO- 
CTHraio'ica b a fsto ko m nci ica i iho 1 1- 
Hbix BonbTMeTpax. CTpyKxypiiaa 
cxeMa a bto ko m ne i ica i iho i [ 1 10 ro 
BOJibTMeTpa c KOMneHcapHeii HanpjDKeHHii npHBepeHa Ha pne. 7. OHa 
co,xep>KHT npaviyio h oOpanryio ncni-i. Ha bxop ycHJiHTeira nocToairnoro 
Toxa ynT nocTynaeT narrpa'/Keinie A U ex , paBHoe pa3H0CTH HBMcpacMO- 
ro Hanpa)KeHH3 U x h KOMneHcnpyioipero HanpjDKeHHH U K . TaKHM o6pa- 
30M, AU ex aBJiaeTca nanpa'/KeniieM neKOMnencapHH. BenHHHHa KOMneHCH- 
pyioipero HanpiDKeHnu onpepemieTCJi BenHHHHOH U eux h K03(})(])HpHeHT0M 
nepepann penn oOpaTHon cbjoh /?: 

U K = #W 

Ho b to >ko BpeM3 HanpiDKeHne U eba onpepemieTC}! K03(])(|>HpHeHT0M nepe- 
pann npjiMOH penn K h bchhhhhoh HanpiDKeHHii HeKOMneHcapHH A U ex : 



= KAU ;AU =U -U,\ 
ehlx ex ex x k 


U k=P KAU ex’ 


U =U , + AU = AU = AU (1- 
x k ex ex ex 


-KJ3). 


Kos^HLiHeHT nepepann aBTOKOMneHcaTopa K a onpepeJweTCH no 
4>opMyjie 


K _ U eux 
a 


KAU k 


U x AU gx (\+Kp) 


K 

1 +K/3' 


norpeniHOCTb aBTOKOMneHcapHOHHoro BOJibrneTpa, TaKHM o6pa30M, 
6ypeT onpepenHTbca HecTaOnjibHocTbio K03(})(J)HpHeHT0B nepepann npjiMOH 
h oGpaTHon penn. OnpepejiHM oTHocHTenbHyio norpeniHOCTb H3MepeHH3 

S a : 


AK = 
a 


dK , 


dK 


AK - 


dK n 


d /5 


Ap = 


AK 


KAP 

( l+Kp ) z (1 +KP) 2 


S 


SK SpKp 


K a \+Kp 1 +Kp • 


1 IpHBC/iennoc Bbipa>KeHHe rroBBonacT cpenaTb BbiBop, nra b aBTO- 
KOMneHcapnoHHOM BOJibTMeTpe norpeniHOCTb H3-3a nccTaonriBirocTH K03(|)- 
(J)HpneHTa ycHJiemui yMeHbinaeTCH b ( l + Kp ) pa3. 

.HoCTOHHCTBOM aBTOKOMneHCapHOHHbIX BOJIbTMeTpOB HBPfleTCfl HX Bbl- 
COKaa nyBCTBHTeJIbHOCTb - (1 - 10) ■ 10" 9 B, pOCTaTOHHO inupoKHH PH- 
HaMHnecKHH pnanaioir (ot epHHHp HaHOBOJibT polB). TonHOCTb H3Mepe- 
hh a npn stom pocraraeT 0,5 - 1%. 

2.2. AHanoroBbie BOJibTMeTPbi, iicnojib3yioipiie MeTOp cpaBHeHiia 

H3MepeHne iranpavKama b o n b t \ t c r p a m n HenocpepcTBeHHoil opeHKH 
no3BOJUieT nonynHTb pciynbTai c norpeniHOCTbio ~ 0,1%. Bonce tohhbih 
pe3ynbTaT mtokct 6biTb pocrarHyT c noMoipbio BonbTMeTpoB, Hcnonb3yio- 
ipnx Merap epaBiieiiHa. 

npn nocTpoeHHH boubtmctpob nocraaniioro Toxa npiixicnaioT b 6onb- 
niHHCTBe cnynaeB pBa BapnaHTa Merapa cpaBHeHHa. 3 to HyneBon h pncji- 
4>epeHpHaiibHbiH MeTopbi. 

BonbTMCTpbi, ocHOBaHHbie Ha nyneBOM Merape (Merap nojiHoil kom- 
neHcapHH H3MepneMoro HanpiDKeHHii HanpiDKeHHeM Mepbi), Ha3biBai0T noraH- 
pnoMeTpaMH. ynpoipeHHasi CTpyKTypHaa cxeMa noraHpHOMeTpa, Hcnonb3y- 
loipero KOMneHcapHio HanpsDKeHHH, npepcTaBJieHa Ha pne. 8. H3MepneMoe 
HanpiDKeHHe U x KOMneHcnpyeraji HanpiDKeHHeM U K . HanpiDKeHne U K 
npoTHBononwKHO no 3HaKy U x . 1 Ipn paBeHCTBe nanpavRcnnii tok, nporae- 
KaioipHH nepe3 HHpHKarap, paBeH Hymo. HanpiDKeHne U K perynnpyerasi 
nyTeM H iMenenna o6pa3poBoro pe3ncrapa R k : U K = IR K . npn HeH3- 
MeHHOM TOKe I BenHHHHy H3McnacMoro conpoTiiBncnna R k ('noTeniiHO- 
MeTp) mo>kho nporpapynpoBaTb b ep HHHpax H3MepaeMoro HanpiDKeHHU. 

npn noiiHOH KOMneHeapHH HiMcpacMoro nanpavKenna (U —>U.) 

K X 

TOK BO BXO^HOH IjeilH CTpeMHTCH K HyJIK), BXO^HOe COIIpOTHBJieHHe BOJIbT- 
MeTpa npHOJTH'/KacTca k OccKonennocTH. B stom enynae mo>kho roBopnTb 
06 H3MepeHHH 3 JAC . I Iotchiehomctpbi aBnaioTca nanoonee tohiibimh npnoopa- 
mh H 3MepeHH3 HanpsDKeHHH. noTeHpHOMeTpbi nocToannoro raica BbinycKa- 
lOTCH pa3HHHHbIX KnaCCOB TOHHOCTH - OT 0,2 po 0,0005. 

B 33BHCHMOCTH OT COnpOTHBJieHHH H3MepHTCJIbHOH penH nOTeHpHO- 
MeTpbl pe.iaT Ha HH3KOOMHbie H BbICOKOOMHbie. HH3KOOMHbie (eonpoTHBJieHHe 
po 1000 0 m) npHMeHinoT pna H3MepeHH3 Manbix HanpiDKeHHH (po 100 mB). 
BbieoKooMHbie noTeHpHOMeTpbi (eonpoTHBJieHHe 6onee 1000 0 m) npHMeHinoT 
pna HiMcpenna nanpavKennii po 1 - 2,5 B. 
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I [oTcmiHOMCTpw (BOJibTMeTpti) DbiBaioT lie a bto m 3T hh cc k hc, noJiyaB- 
TOMaTHHeCKHe H aBTOMaTH'ieCKHC. B aBTOMaTH'ICCKHX nOTCIIIIHOMCTpaX 
Beet nponecc KOMneHcaijHH oeymecTBjiaeTCH aBTOMaTunecKH. 



Phc. 8 Phc. 9 

YnpomeHHafl cxeMa ,HH(})(])epeHiiHajiBHoro BOJiBTMeTpa noica3aHa Ha 
pnc. 9. B 3tom cjiynae He npoHcxo/uiT noJiHoii koxthciichhhh n3Mepae- 
Moro HanpjDKeHHH. MfflCpOBOJIBTMeTp H'iMCpaCT pa3HOCTB MC/K,ay HSMCpaC- 
mbim Hanpji>KeHHeM U x h ypaBHOBeuiHBaiomHM Hanp>DKeHHeM U K . YpaBHO- 
BeuiHBaiomee (KOMneHcnpyiomee) Hanpa)iceHHe o6pa3yeTca c noMomtio o6pa3- 
poBoro HCTOHHHKa 3.HC E o6p h CTyneHHaToro .nejinrejia HanpiDKeHHa R K . 

H iMcpacMOC nanpavKCHHe onpc/ieJiacTca bcjihhhhoh U K h HeKOMneHCHpo- 
B3HH0H BeHHHHHOH HanpjDKeHHH, HjMCpHCXlOH BOJIBTMeTpOM IICnOCpC/ICTBCH- 
HOH OIieHKH. 

,HH(})(j5epeHLiHain>HBiH Mera/i H3MepeHHa HcnojiB3yeTca b HeKOToptix 
HHljipOBBIX BOJIBTMeTpaX. 1 lO/IOOIIBIC BOJIBTMeTpBI n03B0JWI0T H3MepjITt nO- 

CTOHHHoe nanpa'/KeiiHC ot 5*1 O' 6 ,to 1000 B c norpeiiniocTBio, cocTaB- 
junomeii .necaTBie hjih coTBie .hojih npopeHTa ot npe,ziejia H3MepeHHa. 

IlpoHJiiHocTpHpoBaTB yMeHtuieHHe norpeuiHocTH .nHiJxJiepeHijHajiBHBix 
BOJiBTMeTpoB no cpaBHeHHio c BOJiBTMeTpaMH nenocpc/iCTBcnnoH oiichkh 
mojkho cjre.ayioiHHM npHMepoM. IlycTB iicooxo/ihxio i-nxicpHTB nocTOJiHHoe 
Ha-npji>KeHHe 9,5 B. Mmciotch bojibtmctpbi Kaacca tohhocth 1,5 nenocpc/i- 
cTBeHHoil oneiiKH c npe/ieJiaxiH H3McpciiHa 10B;5B;0,1B. Upe/ieJiB- 
Haa norpeuiHOCTt H3MepeHHa .gjia. icaayioro npe/iena onpe,zieJiaeTca no tjjop- 
Myne (6) h eooTBeTCTBeHHO paBHa 0,15 B; 0,075 B; 0,0015 B. H3Mepe- 
Hne nepBtiM BOJIBTMeTpOM npHBo/iHT k. npe/ienBHOH norpeuiHocTH 0,15 B. 
/JonyCTHM, HTO HMeiOTCJI OOpaiHOBBie HCTOHHHKH HanpaaceHHa 5 B H 10 B. 
Tor.ua, noAKniOHHB nocJie,noBaTeJiBHO h BCTpenHO c hctohhhkom H3Mepae- 
Moro HanpaaceHHa nepBtra oopaiHOBBiii hctohhhk, mojkho BocnojiB30BaTBca 
BTOpBIM BOJIBTMeTpOM. UpC/ieJIBIiaa nOrpeUIHOCTB HIMCpCHHa Oy/ICT 0,075 B. 

I lO/IOOHOC H3MepeHHe TpCTBHM BOJIBTMeTpOM C HCnOJlB30BailHe\T BToporo 
oopaiiiOBoro HCTOHHHKa HanpaaceHHa no3BOJiaeT noay'iHTB pe3yjibTaT 
c eme MeHBuieH npe,ziejiBHOH norpeuiHocTbio, a hmchho - 0,0015 B (6e3 
yneTa norpeuiHocTH HCTOHHHKa o6pa3poBoro HanpaaceHHa). 
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B npHBe^eHHOM npHMepe HcnojiB3yeTca HenojiHaa KoxinencanHa H3- 
xiepaeMoro HanpaaceHHa. 1 [pH 3 tom, HeM MeHbrne 1 1 e c k o xi n e n c h p o b a 1 1 n a a 
(H3MepaeMaa) toctb HanpaaceHna, TeM c MeHbHieii norpeuiHocTbio mojkho 
nonyHHTb pe3ynbTaT H3MepeHna npnoopaxiH o/iunaKOBoro KJiacca tohhoc- 
TH. 

CpaBHeHHe aHanoroBbix BOJiBTMeTpoB noKaaBnsacT, hto npocTciliiiHC 
BOJIBTMeTpBI HenOCpe/lCTBeHHOH OIieHKH Ha OCHOBe MarHHT03JieKTpHHeCKO- 
ro npnSopa (cm. pnc. 5) no3BOJiaioT H3MepaTB HanpaaceHHa b 6ojibihhx 
npe/ienax c ynoBJieTBopHTenBHOH HyBCTBHTejiBHocTBio. He/iocTaTKOM no- 
JIOOIIBIX BOJTBTMeTpOB aBJiaeTCa HH3KOe COnpOTHBJieHHe (C/IHIIHIIBI - COTHH 
khjioom). 3neKTpoHHBie BOJIBTMeTpBI oojuyiaioT cymecTBeHHo 6 ojibihhm 
BXO^- 

HBIM COnpOTHBJieHHeM (e^HHHLlBI - ^eCHTKH MeraOM), HO HMeiOT Manyio 
HyBCTBHTeJIBHOCTB, HTO He n03BOJWeT H3MCpMTB MajiBie HanpiDKeHHii. 

B OTJIHHHe OT BOJiBTMeTpoB IienOCpe.ICTBCIlIIOH OIICHKH BOJIBTMeTpBI, 
HcnojiB3yiomHe mcto,h cpaBiieiiHu, oona/iaioT niaHiiTC-iBHo 6ojiBiueii toh- 
hoctbk). Hanoonee tohhbim BOJIBTMeTpOM ubhuctch noTeHijHOMeTp (bojibt- 
MeTp). Oh noiBonucT h jmcpmtb MajiBie BeJiHHHHBi nanpuvKenHU npn Teope- 
THHeCKH OCCKOHCHHOXI BXOHHOXI COnpOTHBJieHHH. Hc,HOCTaTKO\I nOTCHHHO- 

MeTpoB HBJiaeTCH HeB03Mo>KHocTB H3MepeHH3 6 ojibhihx (6ojiee 1 - 2 B) 
HanpiDKeHHH. /],H(jl(jjepeHi;HajIBHBie BOJIBTMeTpBI n03B0JMI0T H3MepHTB 
HanpH- 

)KeHH3 B HeCKOJIBKO 6oJIBHieM HHanaSOHC. 0,HIiaKO OHH HMeiOT MeHBHiyiO 
HyBCTBHTeJIBHOCTB, TOHHOCTB H BXOHHOC COnpOTHBJieHHe, HCM nOTeHHHO- 
MeTpBI. 


DOBBie BOJIBTMeT 


Il,H(})poBBie BOJIBTMeTpBI npeAHa3HaHeHBi Rim H3MepeHH3 HanpiDKeHHii 
nocTOHHHoro (hjih nepeMeHHoro) TOKa. Ohh arsToxiaTHHecKH BBipaoaTBiBa- 
IOT ^HCKpeTHBie CHTHajIBI H3MepHTeJIBHOH HHlJlOpMaiJHH, npe/icTaBJieHHBie 
B HHlJipOBOH (})OpMe. COBpeMeHHBie IJHlJipOBBie BOJIBTMeTpBI o6jiaj[aiOT BBICO- 
KOH TOHHOCTBK), 60JIBIUHM 6BICTpOZieHCTBHeM, B03MOJKHOCTBK) HCnOJIB30Ba- 
HH3 B aBTOXiaTH'ICCKHX CHCTeMaX H H3MepHTeJIBHO-BBIHHCJIHTeJIBHBIX KOMn- 
jieKcax . 

B HHljjpOBBIX BOJIBTMeTpaX HCnOJIB3y IOTCM Te )Ke XICTOHBI HIXICpCHHU 
HanpiDKeHHii, hto h b aHanoroBBix BOJIBTMeTpaX. cpopMajiBHO ci pyKTypnau 
cxeMa ijHijjpoBoro BOJiBTMeTpa OTJiHnaeTCH ot eooTBeTCTByiomeH CTpyKTyp- 
hoh cxeMBi aHajioroBoro BOJiBTMeTpa iianiiHiiexi nocjie Bxonnoro ycTpoii- 
CTBa anano ro- HH(|)po bo ro npcoopaaoBaTC-iu (AI1TI). Otc'icthoc ycTponcT- 
BO HBJIHeTCH HHlJipOBBIM. 
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H 3 MHO)KecTBa AU,n b i[H(|)poribix BOJibTM CTpax Hainan npHMCHeHHe : 
npeo6pa30BaTenb "HanpiDKeHHe - BpeMeHHoii HHTepBan - rpnJipoBOH ko,h", 
BpeMH-HMnyjibCHbra npeo6pa30BaTeab HHTerpnpyiomero Tima, npeo6pa30- 
Baraab "nanpa'/Kcin-ie - aacTOTa - iiii(|)poBoii koa", KOToptra b CHJiy oco6eH- 
hoctch H3MepeHH3 HacTOTBi Taioxe othochtch k AUfl HHTerpHpyiomero Tu- 
na. Ha npaKTHKe BCTpeaaiOTca HH(jipoBBie bo.tbtmctpbi c AH,n nopaipa.Tiio- 
ro ypaBHOBeniHBaHM. npeo6pa30BaraaH HHTerpnpyiomero Tuna ncnoab3y- 

lOTCJI B DOJTBIIIHIICTBC COBpCMeilHBIX I[H(|)pOBBIX BOJIBTMeTpOB. HpH 3TOM 
BOJiBTMeTp HivicpacT cpe/inec 3IiaHeiIHC HanpiDKeHHa 3a ncpiTO/i HHTerpn- 
poBaHHH, ara no3BOJMeT npn cooTBeTCTByiomeM BBioopc ncpno/ia HHTerpn- 
poB3HH3 no^aBHTB HanpjDKeHHe a^HTHBHbix noMex, npncyTCTByiomHX b hc- 
cne/iyeMOM cnmane. /JeHCTBHTeabHO, ecan HanpjDKeHHe, no^aHHoe Ha 
bxoa BonbTMeTpa nocraaHHoro raica, o6o3HaaHTb U gx (t), H3MepaeMoe 
HanpjDKeHHe - U x , a a^HTHBHyio noMexy c HyaeBbiM cpe/iHHM U„(t), 

TO 

U ex (t) = U x (t) + U n (t). 

T 

BojibTMeTp cpe/jHHx 3HaneHHH H3MepaeT U C p : 

U cp=-\ [ U x + U n «] dt = U x +- J U„ ( t)dt . 
y T 0 TO 

Ecnn U„(t) - nepnoAHaecicHH cimaji (HanpnMep, noMexa npoMbim- 
neHHOH nacTOTti 50 F n), to npn T, xpaTHOM rrcpno/iy noMexn, hhtot- 
pan paBeH Hynio. /Jaxee b cayaae, ecnn noMexa HBaaeTca cayaaiiHOH 
c HyneBbiM cpe/iHHM, to BtiSopoM T (6oabine HHTepBaaa KoppeaapHH) 

BTopoe cjiaraevioc mo>kho cyieaaTB npeHe6pe>KHMo vianBiM. 

HojiBTMCTpBi c AH,n HeHHTerpHpyiomero Tuna ( npcoopaaoBaTCJib 

“Ha- 

npjDKeHHe - BpeMeHHoii HHTepBaji - pncJjpoBOH koa”) H3MepjnoT 

MTHOBeHHOe 

aiiancHHC HanpjDKeHJM. TaKHM o6pa30M, npn HaanaHH noMexn peiyabTar 
H3MepeHM MoaceT cymecTBeHHO oraHaaTbca ot hcthhhoto 3HaaeHHa. 

AHn "Hanpaacemie - bpcmchhoh HHTgpgaji - micbpoBofi xoa". CTpyx- 
TypHaa cxeMa n BpeMeHHbie anarpaMMbi, noacHaiomne ero npHHpHn paOoTbi, 
npiiBe/ieiiu Ha pnc. 10,a h 6 cooTBeTCTBOHHO. Ha cxeMe npnnaTBi o6o3Ha- 
acnna: CCi h CCn - cxcmbi cpaBHeHHa, FJ1HH - reneparap jihhohho H3Me- 
Haiomeroca HanpaaceHHa, <t>T - (|)op\iiipoBaTenB BpeMeHHoro HHTepBaaa, 

BC - BpeMeHHoii ceacKTop, F - reHepaTop cacTHbix HMnyjitcoB, C M - 
cneTHHK HMnyjibcoB, OY - OTcaeTiroe ycTpoiicTBO, BY - ojtok ynpaBaein-ta. 



O') 



AH,n pa6oTaeT cae/iyiomiiM o6pa30M. HanpaaceHHe c reHeparapa a li- 
ne iino H3MeHaiomeroca HanpaaceHHa noaaeraa Ha aBe cxeMbi cpaBHeHHa, 
rae cpaBHHBaeTca c HyaeBbiM HanpaaceHHeM (Haaaao HHTepBaaa BpeMeHH) 
h c H3MepaeMbiM nanpavKciineM (kohcii HHTepBaaa BpeMeHH). HMnynbCbi Ha- 
aaaa h KOHpa eooTBeTCTByiomero HHTepBaaa no^aiOTca Ha (J)opMHpoBaTeab, 
(J)opMHpyiomHH HMnyabc, /[aHTeabHOCTb T x KOToporo nponopiiHOHaab- 
Ha Beanaiine H3MepaeMoro HanpaaceHHa. Ha o.thh H3 bxopob BpeMeHHoro 
ceaeKTopa nocTynaioT HMnyabCbi c reHeparapa caeTHbix HMnyabcoB, koto- 
pbie /raaee npoxoaaT Ha caeraHK, ccan Ha Brapoii bxop BpeMeHHoro ce- 
aeKTopa B03^eHCTByeT HMnyabc, c<})opMHpoBaHHbiH (jiopMHpoBaTeaeM. Kohh- 
aecTBO noacaiiTainiBix HMnyabcoB m 3a Bpcvia T npn HeH3MeHHOH Hacra- 
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Te reHepaTopa cneTHbix HMnyjibcoB nponopuHOHantHo BenHHHHe H3Mepne- 
Moro Hanp>DKeHH3. 

Ochobhbimh cnaraeMbiMH norpenmocTeH b no.no 6 no m AU,n hbjwiotcji: 

HenocTOHHCTBO yrna HamioHa h HenHHeHHOCTB HanpjDKeHHH, Btipa- 
6aTtiBaeMoro reHepaTopoM jihhchho i-nMcimomcroca nanpjT/KeiiHjr; 

norpemHOCTt cpanneiiHa HanpaixeHHH U x h Uo c jihhchho H3Me- 
mnomHMca itanpH'/KciiHexi; 

IICCTaDHJTbllOCTb HaCTOTBI rCIICpaiOpa CHCTHBIX HMnyjIBCOB; 

norpemHOCTt .nHcxpeTHOCTH, Bti3Bannaa KaK HecnHxpoHHOCTtio Ha- 
vana H3Mcpae\ioro HitTcpBana BpeMeHH T x h liana na noaBJieHHa chcthbix 
HM nyjitcoB, Tax h b o6meM cjiynae OTcyTCTBiieM KpantocTH H3Mcpae\ioro 
nepno^a h nepHO.ua chcthbix HMnyjitcoB; 

B03AencTBne nanpa'/Kcinni noMex Ha peiyntTar itiMepenna. 

YcTpaHCHHe nocne/mero nc/iocTaTKa bo3mo>kho nyTeM bkjhohchhii 
( jlHJIBTpOB Ha BXO/IC AL(II. O/UiaKO 3T0 npHBO/IHT KaK K VC-TOVKHCIIHIO KOH- 
CTpyKUHH AU,n, TaK H K yBCJlIIHCHHIO BpeMeHH H3MepeHH3. 

IJ,H(|ipoBBie BontTMeTpti, Hcnojit3yiomHe no/ioontie AU,I1, hmciot no- 
rpemHOCTt 0,1 - 0,05%. IlpeHMymecTBOM TaKHX ALI,n aBJiaeTca npocTOTa 
hx TexHHnecKOH peajTH3ai[HH. 3to npeHMymecTBO TepacTCH npn noBtimeHHH 
TpeGOBaHHH K TOHHOCTH npC06pa30BaTCJ1H B OCHOBHOM 3a eneT VCJIO'/KTIC- 
HH3 Konc rpyKiuiH FJIHH. 

BpeMH-HMnyjibCHBie Alin HHTerpupyiomero Tuna . HanBoJibinee pacnpo- 
CTpaHeHHe noJiynHJin All,!! c .tbohiibim HHTerpnpoBaHHeM . CTpyxrypHaa cxe- 
Ma h BpeMeHHbie .nHarpaMMbi, noacHaiomHe npHnpHn paGora npHBe^eHbi 
Ha pHc. 1 l,a h 6 cooTBeTCTBeHno. Ha cxeMe BBejieiiti /jonojiHHTejitHtie 
oDOJiianeinia: HHT - HHTerpaTop (HanpHMep RC), BY - 6jiok ynpaBJie- 

HHH. 


AH,n panoTaeT ane/iyiomiiM o6pa30M. Ejiok ynpaBjieHHa (|)op\iHpycT 
noene^OBaTenbHOCTb npaMoyroJibHbix HMnyjibcoB c .nJiHTeJibHOCTbio T h h 
nay3 - /UJiiTeJiBiiocTBio T 2 . B momcht noaBJieHHa HMnyjibca Bxopnoc Ha- 
npiDKeHHe U ex no,naeTca Ha bxoa HHTerpaTopa. HHTerpnpoBaHHe Hanpa- 
aceHH a ocymecTBjiaeTca 3 a BpeMa T h HanpaaceHHe Ha bbixo/tc HHTerpaTo- 
pa RC b MOMeHT OKonnaHHH HMnyjibca sanHincTCH b bii/ic 


U ] (t) = 


1 1 

- Rc l U e X (t)dt = U x 


RC 


1 I 

| U n (t)dt ~U x 

RC 0 







no OKOHnaHHH HMnyjibca 3aKainiHBacTCH nepBbiH TaKT HHTerpnpoBa- 
HH3. B Hanajie TaKTa T 2 ot HHTerpaTopa onanonaeTca H3McpaeMoe Ha- 
npiDKeHne U RX , h no.nKJiioHaeTca onopHoe o6pa3poBoe HanpaiKeHHe E o6p 
o6paTHOH noJwpHOCTH. Bo BTopoM TaKTe HiiTcrpupycTca onopHoe Hanpa- 
iKeHne no MOMeHTa BpeMeHH, Kor.ua HanpaaceHHe Ha KHTerparape epaBHa- 
eTCJi c HyneM. /JjiHTeJitHOCTB BToporo TaKTa HHTerpHpoBaHHa T x npo- 
nopiiHonajiBiia BCJiiiHiine HiMepacMoro HanpaaceHHa. Mcm SoJibine BC-wnina 
HiMcpacMoro HanpaaceHHa, TeM 6oJibine .tjhitcjibiioctb BToporo TaKTa. 
fleHCTBHTeJibHO, HanpiDKeHHe U 2 (t) Ha Btixo/ie HHTerpaTopa b momcht 
OKOHnaHHH BToporo TaKTa janmncTCH b Bii/te 


Otc 10 , Ta 


u 2 (i) = 


U x T \ 

RC 


1 T x 

Aj 

RC 0 


E o6p dt = 


U x T \ 

RC 


E o6p T x 

RC 


U x = 


E o6p E x 
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Tax KaK E o6p h T ) H3BecTHbi, to U x = AT X , r,ne A - Heico- 
TOpblH nOCTOHHHBIH K03(})(j5HIIHeHT. 06bIHHO HHTepBajI HHTerpHpOBaHJM T I 
(JropMHpyeTcn nyTeM 3anonHeHM cneTHHica chothbimh HMnynbcaMH ,no Heico- 
Topoil BeHHHHHBI N, KOTOpajI, HanpHMep, paBHa eMKOCTH CHCTHHKa. 

Tor.na 

7j = Nr, 

r,ne r - nepnon cnenoBaHHH cneTHbix HMnynbcoB; 

T x =N x r, 

N x t N x 

U X =E * — - = E f- 
x o6p Nf o6p N 

I loJiyHcimoc Btipa>KeHHe noKa'itiBacT, hto b stom cnynae peayntraT 
H3MepeHJM iianpH'/Kciina He 3aBHCHT ot nacTOTti reHeparapa chcthbix im- 
nyjitcoB. Pe3ym>TaT H3MepeHna He 33bhcht Taione ot nocToannoH BpeMe- 
hh HHTerpaTopa. 3to aBjraeTca o/iiihm H3 ochobhbix npeHMymecTB ALI,n ne- 
pen AU,n c reHepaTopoM jikhchho i-nxicnaioiHeroca HanpaaceHHa. /Ipyruxt 
npeHMymecTBOM aBJiaeTca noBBimeHHe noMexoycTOHHHBocTH. 

Ochobhbimh cnaraeMbiMH norpeniHOCTH aBnaioTca: 

iiccTaOHJibirocTb oopaanoBoro HanpaaceHna; 

KpaTK0BpeMeHH33 IICCTaOHJIBHOCTB HaCTOTBI TeHepaTOpa CHCTHBIX HM- 

nyjitcoB; 

norpeniHOCTt nHCKpeTHOCTH; 

norpeniHOCTt cpaBHeHHa. 

B oojtbiii Hirer rse coBpevrenntix pHcJrpoBBix bojti>tmctpob Hcnojn/iycTca 
AB,n BpeMa-HMnyjiBCHoro Tuna c hbohhbim HHTerpHpoBaHHexr. norpeniHOCTt 
TaKHX pHrJrpoBtix BOJitmeTpoB MO)KeT /[ocTHraTt 0,02 - 0,005%. Jia non- 
HepacaHHa ycnoBHH KpaTHOCTH nepnona HHTerpHpoBaHHa T nepnony noMe- 
xh (50 h 400 Tip) b pHcJrpoBBix BOJitTMeTpax HcnoiiB3yioT aBTOMaTiinecKyio 
no^CTpoiiKy nacTOTti. 

Ann c npeo6pa3QBaHneM HanpaaxeHr-ta b nacTOTy . HecMOTpa Ha cpaB- 
HHTeJitHyio cjio>khoctb nparcTHHecKOH peajiH3ai(HH, nonoSHbie AU,n HcnoJit- 
3yioTca b pane UHrJrpoBtix BOJitmeTpoB, a Taroice b ^onojiHHTentHtix 6no- 
Kax k sneKTponno-c'ieTHBiM HacroToxrcpaxr. 3 to no3BOJiaeT pacninpHTt 
B03MWKH0CTH HaCTOTOMepOB H HCnOHt30BaTb HX B KaHCCTBC BOJItTMeTpOB. 
C.'TpyKTypiraa cxeMa h BpeMeHHbie /iHarpaxrxrti naHOonee nacTO HcnoJib3ye- 
Moro npcoopasoBaTenn npiiBe^entr Ha pnc. 12, a h 6 eooTBeTCTBeHHO, 
r/re nOC - npeo6pa30BaTent oopaTiroii cbh3h; YnT - ycHJiHTeJib nocToaH- 
Horo Toxa, KOToptiH coBMecTHO c R lt R 2 h C npe.TCT a bji hct co6oh 
HHT erpaTop. I [o/toohbih npeo6pa30BaTenb Ha3biBaioT npeo6pa30BaTeJieM 
c HMnyjTBcnoii oopaTiroii CBaatio. BtixonHaa MrHOBeHHaa nacTOTa npeo6pa- 
30BaTeJM nponopiiHonaiiBna cpe/iirexry 'iiianem-no HanpaaceHHa 3a Bpexra hh- 


TerpnpoBaHHH T„. O/rnaKO H3\Tcpeinian nacTOTa Ha HHTepBane H3Mepe- 
HH3 T m nponopiiHOHanbHa cpenHeMy 3HaneHHio HanpaaceHHa Ha stom hh- 
TepBane. 

c 




npeo6pa30BaTenb "nanpn>KcnHe - nacTOTa" paooTacT cne/iyiomHxr o6pa- 
30M. npn nonane nanpn>KcnHn U x Ha bxo,t HHTerpaTopa c nocTornnioii 
BpeMeHH HHTerpaTopa R ; C nanpa>KenHe Ha Bbixo/ie HHTerpaTopa pac- 
TeT. npn paBeHCTBe stoto iranpavKCHHn h E o6p npeo6pa30BaTeJib o6paT- 
hoh CB33H BbipaSaTbiBaeT CHTHarr, B03BpamaiomHH HHTerpaTop b nepBOHa- 
HajTBiroc cocTornnie. npn nocTorninoxi U x sth oncpamiH noBTopmoTca ne- 
pno/iHHecKH. fljia npoijecca HapacTaHHa h c6poca HanpiDKeHHii Ha HHTerpa- 
Tope mo>kho 3anncaTb 
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TaKHM o6pa30M, npn H3BecTHBix R /, R 2 , U oc h T oc nacTOTa 
Bbixo/inoro ciiniana o/iiio3iiaHno onpc/ienneT HSMcpacvioc nanpflVKCiine. IlpH 
3tom napa\icxpi>i n p c o 6 p as o b a t c -i a He 33bhcm i ot aiiaHem-iii cmkocth C 
h E o6p , a onpeAeronoTca OTHomeHHeM R/R] h CTaounbirocTBio bcjth- 
hhhm U oc ■ T oc , KOTopyio Ha3HBaioT BOJiBT-ceKyH^HOH nnoma/ibio. 

Ochobhbimh cjiaraeMbiMH norpemHocra npeo6pa30BaTeJia aBJiaioTca He- 
CTa6HHBHOCTB U oc ■ T oc h norpemHOCTt cpaBHeHHa. Ecjih paccMaTpHBaTb 
ALJEL b penoM, to iicooxo/pimo cihc ynuTbiBaTb norpcinnocTB npeo6pa30Ba- 
HH3 HaCTOTBI B PH(})pOBOH KOP, KOTOpaa COCTOHT H3 nOrpeillHOCTH pHCKpeT- 
hocth h norpenmocTH (JiopMHpoBaHHa BpeMeHHoro HHTepBana, Ha kotopom 


onpepenaeTca nacTOTa. 

BoJIbTMCTpbl, HCnOJTB3yiOIHHC nO/IOOIIBie ALin, n03B0IMI0T nO-iy'IHTB no- 
rpeniHocTt H3MepeHH3 0,1 - 0 , 005 % h bo3mo>khoctb nopaBJieHHa noMex. 


3. BOJIfcTMETPfcl IlEPEMEHHOrO TOKA 


3 . 1 . IIpHHHHnBi nocTpoemia BOJibTMeTpoB nepeMeHHOxo TOKa 


/Jjw H3MepeHH3 napaMeTpoB HanpjDxeHHa nepeMeHHoro TOKa MoxyT 
Obitb HcnoJiB30BaHBi mcto/ibi, npuMenaeMbie pnsi HiMcpciiHa HanpjDxeHHa no- 
CTOUHHOrO TOKa (pa 3/1. 2 ). C ipyKTypitBIC CXeMBI PHlfipOBblX BOJTBTMCTpOB 
nepeMeHHoro Toxa OTjiHnaiOTca ot CTpyKxypiiBix cxeM aiia.aorHHHBix TunoB 
BOJIBTMeTpOB nOCTOaHHOrO TOKa HajIHHHeM HiXiepHTC-TBIIOrO npeo6pa30Ba- 
Tena nepeMeHHoro HanpaaceHHa b nocToaHHoe. 

JJ.IW KOMnencaiiHH Manoii HyBCTBHTenBHOCTH OTpenbHbix npeo6pa30Ba- 
Teneil Hcnonb3yiOT ycHUHTenn. Ecuh ycHUHTenn BxnioHaioT b cxeMy po npe- 
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oopasoBaTC-ia, to ohh /io.T/Kiibi o6napaTb iin-tpoKoil nonocon nacTOT. Iloc- 
jtc npeoopaaoBaTC-ia ncnoPb3yeTca ycHJiHTenb nocToaHHoro TOKa. 

B npocTeHHiHX BO-TBTMcrpax nepeMeHHoro TOKa vchjihtcjih MoryT OTcyT- 
CTBOBaTB. 

B BOJiBTMeTpax nepeMeHHoro raxa, Hcnojri/iyioiHHx mctop cpaBiieiiHa 
(nonHaa huh HenonHaa KOMneHcapna), nepep onepapnen KOMneHcapHH 
oObiHHo ocyipecTBJiaeTca npcoopasoBanne nepeMeHHoro H3MepaeMoro Ha- 
npaaceHHa b nocTOHHHoe. 3 to no3BOJiaeT npHMcnaTb pna KOMneHcaijHH no- 
CTOJffiHoe HanpjDKeHHe, hto pacT onpc.TeJTennoc npeHMyipecTBO, Tax xax 
pna Henocpe/icTBeHHOH KOMneHcapHH H3MepaeMoro nepeMeHHoro Hanpaace- 
HHa C BbICOKOH TOHHOCTblO HCOOXO.THMO HMCTB nepeMeHHOe KOMneHCHpyiO- 
ipee HanpjDxeHHe aHanornnHoii (JiopMbi. 3 to ycnomiaeT npn6op h cyipecT- 
BeHHO orpaHHHHBaeT ero bo3mo>xhocth. 

HanGonbinee pacnpocTpaHeHHe Ha npaxTHxe HMeiOT snexTpoHHbie 
BOJIBTMeTpBI. 3neXTpOHHbie BOJIBTMCTpBI HenOCpepCTBeHHOH OIICHKH OO BIB HO 
BBino.TionoTca no o.thoh H3 pnyx cipyKTypiiBix cxeM. I IepBaa cxeMa copep- 
>xht nocnepoBaTenbHo coepnHeHHbie BxopHoe ycTpoilcTBo, ycnnHTenb ne- 
peMeHHoro Toxa, npeo6pa30BaTenb nepeMeHHoro HanpaaceHna b nocToaH- 
Hoe, H3MepHTeJii> nocTOHHHoro HanpjDxeHHJi. BTopaji cxeMa coctoht H3 
nocne/ioBaTejibHo coepHHeHHbix bxophoto ycTpoilcTBa, npeo6pa30BaTena 
nepeMeHHoro HanpaaceHHa b nocTO^HHoe, ycHJiHTemi nocTOHHHoro Toxa, 
H3MepHTeJM nocTOHHHoro nanpa>Kci[Ha. 

BonbTMeTpbi, Hcnonb3yiomHe nepByio CTpyxTypHyio cxeMy, o6na/iaioT 
BbICOKOH .HyBCTBHTeJIbHOCTbK), HO CpaBHHTeUbHO y3KHM .TiianaiOHOM nac- 
tot (2 Ei; - 100 MFii). 3to o6i>hcioictch ocoocnnocTHMH nocTpociiHH ihh- 
poxononocHbix ycHUHTenen nepeMeHHoro Toxa. BonbTMeTpbi, hmcioihhc bto- 
pyio CTpyxTypHyio cxeMy, OTJiHHaioTC>i 6onbuiHM nacTOTHbiM /[Hana30HOM 
(20 Ep - 1000 ME ii). HepocTaTKOM hbouctch MeHbinaji nyBCTBHTenbHOCTb 
H3-3a oeo6eHHOCTeii paooTBi ycnnHTena nocxounnoro Toxa. 

BacTOTHbin pnana ion BOJibmeTpa onpepenneTcn He TOJibxo aMnnn- 
TypHO -nacTOTHbiMH xapaxTepHCTHxaMH Bxopiibrx iicncii, ho h ocoochhocth- 
mh npeo6pa30BaTeneH. B ja/ia'iy npcoopaaoBaTcnu bxo.tht npeo6pa30Ba- 
HHe nanpuvKXHHH nepeMeHHoro Toxa b nocTominoc, eooTBeTCTByiomee H3- 
MepneMOMy napaMeTpy Hanpn>xeHHn. IlpHMeHnioToi cnepyiomHe npeo6pa30Ba- 
TeJiH huh peTexTopbi: aMnjiHTypHbie (nnxoBbie), cpepHeBbinpnMJieHHoro 
3HaneHHn h c p c,t ne k Bapp aT H'l ec ko ro anaHCHHU. Ilpn stom b cnny xohct- 
pyxTHBHbix oco6eHHocTeii npeo6pa30BaTeneH huh ocoSeHHocTen H3Mepe- 
HH3 pa3HHnai0T npeo6pa30BaTenH c 3axpbiTbiM hh6o OTxpbiTbiM bxo/iom. 

Ilpn 3axpbiTOM Bxope b pe3ynbTaTe H3MepenHH oTcyTCTByeT nocTouiinan 
cocTaBJWioman H3Mcpuc\ioro nanpuvKCHHU. 
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I [pcoODa'iorsaTCJii) aMnjiHTVPHBix snaHciinii (aMnjiHTVPHBiil hjih nnxo- 
bhh peTexTop) . I lo/iooiibic npeo6pa30BaTenH HanSonee rnnpoxo HcnoJii/iy- 
K>Tca BCJiepcTBne npocTOTti hx cxeMHoro peineHJM h ninpoxononocHocTH. 
Ohh anraioTca caMBiMH mHpoKononocHBiMH m HiBCCTitbix npeo6pa30BaTeJieii 
HanpaixeHHa nepeMeHHoro TOKa b nocToannoe nanpavKcnne. Cxcmbi avmjTH- 
TypHBIX peTeXTOpOB C OTXpBITBIM H 33XpBITBIM BXOpaMH npHBepeHBI Ha 
pnc. 13, a h 6 cooTBeTCTBeHHO. I [pHiniiin pencTBua aMmiHTypHoro pctcx- 
Topa ocHOBaH Ha Oi.iCTpovi sapape Kon/iencaTopa C po avinaHTypnoro 
3HaHGHH3 HSMCpaCMOrO HanpjDKeHHH HCpC'i PHOP C M3JTBIM npUMBIM COnpO- 
THBJieHHeM R" h Me^neHHOM paspape nepe'i conpoTHBJieHHe, BKjnonaiomee 
conpoTHBJieHHe HCTOHHHxa R llcm , conpoTHBJieHHe Harpy3KH pctcxto- 
pa R h DOJiBiiioe oOparaoe conpoTHBJieHHe pnopa R a °. 

D 0 





AMmiHTypHBIH peTeXTOp C OTXpBITBIH bxopom (pnc. 13, a) paGOTaeT 
anepyioiiuiM o6pa30M. Ot HCTOHHHxa nanpavKaina c conpoTHBJieHHeM R ucm 
Ha bxop npeo6pa30BaTeJia nopaeTca HanpaixeHHe U(t): 

U(t) = Uq + U m sin cot. 

IlpH U(t)>U c PHOP OTXpBIT (pHC. 13, b), H npOHCXOPHT 3ap Up 
xoHpeHcaTopa. Bpcvia 3a papa r, onpcpenacTca cJiepyioiiiHvi o6pa30M: 

T 3 “ ( R ucm + R d ),c npn R»R ucm +R d n . 

IlpH U(t)<U c pnop 3aKpBiBacT ca, h nannitacTca paspap Konpeiica- 
Topa. Ecjih R«R 1IC[ +A’„", to Bp c via paspapa r ^ ~ RC . Tax ktik 

t 3 « T p , to ncpes necKOJTBKo ncpiiopori oypeT BBinoairaTBca cooTHomeHne 
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U 


cp 


u m + Ur 


rpe U cp - cpepHee 3HaneHHe HanpiDxeHHa Ha BBixope peTexrapa; Ha 
npaKTHKe 


U C p < U tr + U , 


O' 


OTHOCHTePBHyio norpeniHOCTB npeo6pa30BaHHa moixho bbihhcjihtb no (JiopMy- 
ne 


U cp u m ^0 


U m +U Q 


T 1 
2 RC 2fRC 


( 12 ) 


2 n 

rpe T = — . 
co 

IlpH 3TOM IICOOXOpHVTO HMCTB B BHpy, HTO BCJTHHHIia RC He MO)XeT 
6bitb ooJTBineii, Tax Kax npn stom yBCPH'iHBacTca HnepiiHonnocTB bopbt- 
MeTpa. 

B aMnjIHTypHOM peTCKTOpC C 3aKpBITBIM BXOPOM (pHC. 13,6) PHOP 
BKJnoneH napajuieJiBHO pe3HCTopy Harpy3KH R. IlpH noJioixHTeJiBHOH no- 
pyBOPHe pnop OTKpBiBacTca, h sapavxacTca KonpencaTop C. Bpcvia 3 a- 
papa 

z 3 - C(R ^ + R ucm )• 

IlpH U c >U(t) pnop iaKpBiBaeTca, nanunacTca paspap KOHpeHcaTopa. 

Bpcvia paspapa 

Tp - C(R + R ucm )• 

Tax xax bxop npcoopasoBaTcna 3 axp 1 .iT, to U ( . ~ U m . TaxHM o6pa- 

30 M, BOJiBTMeTpBi, HcnoiiB3yiomHe aMnPHTypHBie peTexTopti c 3axpBiTBiM 
bxopom H3MepaioT avinPHTypnoe snanem-ie 6e3 nocToaniioii cocTaiiJiaiomeii. 
H3o6pa>xeHHi.ie Ha pnc. 13 n p co 6 p a 30 b aT c ji h avinjiHTypiii.ix snanciiHii npn- 
ropni.i pjra iisviepeiiHa noPoacHTCPBiibix nnxoBBix snanciiHii. /la a iisviepeiiHa 
OTpHpaTePBHBix nHXOBtix 3HaneHHH ncooxopHMO noMciraTi, noaapnocTi. bxjiio- 
HCHHa PHOPOB. 

AMnPHTypHtie peTexTopti c 3axpBiTBiM h otxpbitbim BxopaMH npHMera- 
lOTca b yiiHBcpcaaBHBix h BBicoxonacTOTHBix Boai.TMCTpax. norpeniHOCTB H3- 
MCpCHHa 33BHCHT OT H3CTOTBI. BhipaaVCHHC (7) nOXa3BIBaeT, HTO norpeni- 
HOCTB yBcainniBacTca c yMeHBineHHeM nacTOTBi. 3to BBipa'accniic no iBoaa- 
eT onpepeiiHTB nuanice snaneiiHC paoo'ieii nacTOTBi. 

BepxHee snanenHC paoo'ieii nacTOTBi orpanimeno napa3HTHBiMH napa- 
MeTpaMH h BBionpacica ananiiTcaBno HH>xe pe30HaHCH0H nacTOTBi, onpepe- 
aaevioii BBipa'/KcnucM (6). 06bihho Bcpxiraa paoo'iaa Hacioia BOJiBTMeTpa 
orpaHHHHBaeTca 'iacTOTaviH 
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/ < (0, 3-0,5)/q. 

/Jjw noBtimeHHJi bgjihhhhh fo npHMeHflioT BbraocHbie /leTeKTopti 
C 3JieKTpOBaKyyMHBIMH /[HO/iaXTH. IlpHMeHeHHe BBIHOCHBIX /ICTCKTOpOB n03B0- 
naeT yMCHbiiiHTh napa3HTHBie napaxieTpbi bxo/iiibix iieneil. 3nexTpoBaxyyM- 
Htie aho/ibi HMeioT MeHbinyio eMxocTb h Sontmee oSparaoe conporaBneHne. 
0/iHaKO ^anBHeiimee yBenHneHHe nacTOTbi npHBOUHT k nonBneHHio nponeT- 
hoh norpemHOCTH. B stom cnynae nepno,zi H3Mcpac\ioro nanp«>Kci[Ha cTa- 
HOBHTCJI COH3MepHMBIM C BpGMeHCM npOJieTa SJTCKTpOHOB MC'/K/iy SJTCKTpO- 
/laMH RHOjia. OTHOCHTenbHaa BennnHHa nponeTHoil norpemHOCTH d H mo- 
>KeT 6biTB onpeneneHa no (JiopMyne 

S H =-kdf I yJUm , 

r,ne d - paccTOJfflHe Me>K/iy aHOHOM n xaranoM,/- pa6ona a nacTOTa, 
k - K03(|)(|)Hi;HeHT, 3aBHC5HHHH OT KOHCTpyKIIHH RHOJia. Pe30HaHCHafl no- 
rpeniHOCTb npHBO^HT k yBennneHHio pe3ynbTaTa H3MepeHHn, a nponeTHan 
norpenraocTb npnBO/iHT k ero yMeHbmeHHio. 

/Jjm noBbimeHM nyBCTBHTenbHOCTH bojibtmotpob, Hcnonb3yiomHX aMn- 
nHTynHbie .neTexTopbi, npHMeronoT ycnnnTenn nocTOflHHoro Toxa (o6biHHO 
oanaiiciiBie cxcmbi). B stom cnynae 1 ivbctbhtc3bhoctb BonbTMeTpa orpa- 
HHHOHa /ipeH(})OM HyneBoro ypoBHii ycHnHTenn nocTosfflHoro Toxa (YIIT). 
TnnoBBie napaMeTpbi no/io6Horo BonbTMeTpa: nacTOTHbin ,HHana30H £0 
1 ITp, nepBbin rrpe/ien H3MepeHHa 300 mB, xnacc tohhocth 1,5 - 2,0. 

ripeo6pa30BaTeiLH cpeflHeBbinpaMneHHbix 3HaneHHH . CxeMbi npeo6pa30- 
BaTeneil cpe/iHeBbinpHMJieHHbix 3HaneHHH mo>xho pa3,nenHTb Ha ,HBe rpynnbi: 
OAHonoJiynepno^Hbie n /iByxnoJiynepno/iHbie cxeMbi. npocTenmne cxeMbi sthx 
npeo6pa30BaTeJieil npencTaBneHbi Ha pnc. 14, a h 6. 



Puc. 14 


OAHonoJiynepHOAHaH cxeMa (pnc. 14, a) oobihiio npHNicnucTca b npoc- 
TeHHIHX H3MCpHTC-TBIIBIX npHOOpaX (TeCTepax). Tox 'icpei H3\iepHTC-TB npo- 
xo/iht bo BpoMU nono>XHTenbHoro nojiynepno^a H3MepaeMoro HanpiDxeHHfl 
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Chho.ii Di). D 2 cny>XHT nna 3amHTbi nnona D t ot npo6oa o6paT- 
hbim HanpiDxeHHeM. 

B xanecTBe nByxnonynepHOUHoro npeo6pa30BaTena name Hcnonb3y- 
ctch MOCTOBan cxeMa (pnc. 14, 6). CpepiiHil tox, npoTexaiomHil ncpei 
H3MepHTenb, b 3tom cnynae b pBa pa3a oo.tbiiic, next b o/iiio nonynep ho/i- 
hoh cxeMe, hto noBbimaeT HyBCTBHTenbHOCTb BonbTMeTpa b nBa pa3a. 

3to Bbi3BaHo TeM, hto tox nepe3 nnaroHanb MocTa npoTexaeT b opnovi 
h tom >xe nanpaBJieiiHH b tchciihc o6ohx nonynepHonoB nepeMeHHoro Ha- 
npavKeiiHH (HanpaBneHHe Toxa Ha cxeMe eooTBeTCTByeT npoBO,Tninc\iy Ha- 
npaBJieHHio aho/iob). 

HcpocTaTKaxiH nopooiibix n p c o 6 p a 3 o b a t c n e il hbhuiotch bhihoihc He- 
jiHHeiiHOCTH BonbT-aMnepHoii xapaxTepncraxH ^ho/iob npn H3MepeHHH Ma- 
nbix HanpiDxeHHH (HenHHeiiHOCTb mxajibi), BnnnHHe TeMnepaTypHoil 33 bhch- 
MOCTH napaMeTpOB .THOPOB H HX IICCTaOHJIBIlOCTB. Ilopor HyBCTBHTeJIbHOC- 
th BOJibTMeTpoB, nocTpoeHHbix no npHBe/ieHHbiM Bbirne cxeMaM, He nynuie 
100 mB. 

/],ByxnoJiynepHOAHbie npeo6pa30BaTeJiH Hcnonb3yiOTCn h b snexTpoH- 
Hbix BOJibTMeTpax, rne 3a c'ict cxeMHbix pemeHHH pocTHracTcn noBbime- 
HHe H y b c t b i-r t e jt b 1 1 o c t h , yBcniHieiiHe nmiaxiiHiecKoro .THanasona h tohhoc- 
TH H3MepeHH3. O.TIia H3 B03MO)XHbIX CTpyXTypHbIX CXeM SneXTpOHHOTO 
BonbTMeTpa c /[ByxnoJiynepHO/iHbiM npeo6pa30BaTeneM npe/iCTaBJieHa Ha 
pnc. 15, r/ie y - ycHnHTenb nepeMeHHoro HanpiDxeHHn. YcHnHTenb 
oxBaneH OTpHpaTenbHOH oOpaTHoil CBn3bio, b xorapyio BXjnoneH /[ByxnoJiy- 
ncpHO.Tiibiil npeo6pa30BaTenb. BBe.TeiiHC OTpmiaTCJiBHOH oopaTitoil cbush 
noBbimaeT CTaOnnbHOCTb h ynynuiaeT aMnnHTy^HO-nacTOTHyio xapaxTepnc- 
raxy ycHJiHTeiM, yMeHbmaeT iieJiHiieilnocTB, ooycnoBnciniyio neJiHiieii- 
HOCTbio npuMoro conpoTHBJieHHn jinojia. BacTOTHbiil ^nana30H BonbTMeTpa 
He npeBbimaeT jiecnTXOB XHnorepp. 


Phc. 15 
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IIpeo6pa30BaTejiH cpepHeKBappaTHnecKHx Bnancnnii . Ochobhbim 3.ne- 
MeHTOM npeo6pa30BaTeJM HBJMeTCH pieMdiT c KBappaTirnroii BontT-aM- 
nepHoii xapaKTepncTHKOH. KBapparanHyio 3aBHcnMOCTB HMeeT HanajibHbiH 
ynacTOK BOJibT-aMnepHOH xapaKTepncTHKH noJiynpoBopHHKOBoro pnopa. 
OpnaKO nonynpoBopHHKOBBie pnopw OTJiHHaioTC>i oojtbiiihm pa36pocoM xapax- 
TepncTHK, KBa/ipaTHHHBffl ynacTOK KOToptix HMeeT oneHt Manyio npoT>DKeH- 
hoctb. Ha npaKTHKe HarnnH npHMeHeHHe sneMenm, nocTpocniibie Ha ocho- 
Be phophbix penoneK, h t e p m o n p e o 6 p a 3 o b aT e ji h . 

ynpomeimaa cxeMa n p co 6 p a 3 o BaTena , nocTpoeHHoro Ha ocHOBe p h- 
ophmx penoneK, npepcTaBpeHa Ha pnc. 16. K pejinreiuo R s , R 6 , R 7 npn- 
noaceHO HanpsDKeHHe ciaOHJiBnoro Hcxo'niHKa E. Ha Kaacpo m H3 pe3HCTO- 
poB co3paeTca napeHHe HanpaaceHHH E h E 2 , E 3 , KOTopnie 3anHpaioT 
PHOPbl. npH BXOPHOM HanpjDKeHHH U(t)<E I OTKptlT PHOP D h H HCpCi 
pnopHyio penoHKy npoTexaeT tok npn E 2 >U(t)>E 1 OTKpbiBaer- 
ca pnop Z) 2 h tok l icpc3 R cTaHOBHTcsi paBHtiM cyMMe tokob, npoTe- 

KaioipHx Hcpci I) 1 h D 2 : 
i=ii+i 2 ■ B pajibHenineM npn 
Ei>U(t)>E 2 i = i / T /’ T i 3 . 

TaKHM o6pa30M, KpyTH3Ha xa- 
paKTepHCTHKH C yBeHHHeHHeM 
U(t) B03pacTaeT. CooTBeT- 
CTByiomHM nopSopoM COnpOTHB- 
jieHHH penmena mo>kho nony- 
hhtb BOJiBT-aMnepHyio xapaKTe- 
pncTHKy npeo6pa30BaTena 
B BHpe JI0M3H0H JIHHHH, npH- 
GnnacaioipeHca k KBapparanHOH 
napa6one. B peHCTBHTeJibHOCTH 3 a c'ict nnaBHoro i-BMeneiiHa tokob /iho- 
POB B0JTH3H HanpjDKeHHH OTCCHKH H3JIOMBI Ha XapaKTepHCTHKe 1103113^1 HTC-TB- 
HBI. 
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HccTaOH-TBiiocTB napaMeTpoB phopob b rropooiiBix npcoopaaoBaTcnax 
npHBopHT k 3HaHHTeJiBHBiM norpenmocTaM npeo6pa30BaHHH (3 - 5%). Hac- 
tothbih pnanaion npoMBinuieniiBix oopaiiiOB cocTaBjiaeT 30 I p - 1 MIp. 

TepMonpeo6pa30BaTeJiH HMeiOT KBappaTHHHyio <|>yHKpHio npeo6pa30Ba- 
Hna. TepMonpeo6pa30BaTeni> BK.monaeT b ce6a noporpcBaTCJib h TepMO- 
qyBCTBHTenbHBiH ijicmcht (TepMonapy huh TepMope3HCTop). BxopHoe Ha- 
npjDKeHHe nopaeTca Ha HarpeBaTeJib. BbipeneHHoe npn stom Tenno npeo6- 
paiyeTca b Tep Mony bct b htcjt bi io m ijicmchtc, HanpHMep b TepMonape, 
b TepMo3flC, KOTopaa nponopiiHonauBna KBappaTy H3MepaeMoro HanpsDKe- 
Hna. HepocTaTKaxiH rropooiiBix npeo6pa30BaTeneH aBJiaioTca Manaa nyBCT- 


BHTenbHOCTb, 6oni>maa HHeppHOHHOCTb, KBappaTHHHbiH xapaKTep niKanbi, 
HH3K33 3JieKTpHHeCKaH npO'IHOCTB. JJjia yCTp3HeHH3 3THX IIC/IOCTaTKOB 
Hcno-TB3yiOT ycHJiHTenH nocToaHHoro TOKa, cneiiHajiBiibie mcto.tbi jiHHeapn- 
3apnn niKanbi, OTpiiiiaTcnBiryio oopaTiryio CBa3B. MacTOTiiBiil piianaion no- 
,to6hbix npeo6pa30BaTejieH - ot iicckojtbkhx repp po coTeH Merarepp. 

npeo6pa3QBaTejir. cpepHero 3Ha4eHHa . B TaKOM npeo6pa30BaTene 
HCnO-TBSyiOTCM HIiepPHOHIIBie CBOHCTBa BXOpiIBIX peneH H OTC'ICTItOrO 
ycTpoHCTBa. y aHanoroBbix npi-toopoB sto apKO BBipa>Kcnnaa HircpiiHOii- 
HOCTb CTpenoHHoro npn6opa. TaKHM o6pa30M, b onpepeneHHtix npepenax 
BOJIBTMeTp nOCTOJfflHOTO TOKa MO>KHO HC'n0JTB30BaT[> B KaBCCTBC BOJIBTMeT- 
pa nepeMeHHoro TOKa, H3\icpaioincro cpcpnee snaHCHHe nanp^'AxiiHa. 

B 33BHCHMOCTH ot HcnoiiB3yeMoro b BOJiBTMeTpe nepeMeHHoro TOKa 
npeoopasoBaTC-ia bojtbtmctp HivicpacT aMnjiHTypHoe, cpcpncBBinpaM.Tcn- 
Hoe huh cpepHeKBappaTHHecKoe aiiancm-ie nanpa'/Kcin-Pi. Oobibho niKajibi 
BOJiBTMeTpoB nepeMeHHoro TOKa ( 3 a h c k.t 10 l i c n He m HMnyjibCHbix bojtbtmct- 
poB) rpapynpyioTca b cpepHeKBappaTHHecKHX 3HaneHHHX rapMOHHHecKoro 
cnraana. 


3.2. Il3MepeHiie napaMeTpoB HanpaateHiia nepeMeHHoro TOKa 

Ha npaKTHKe pa3JTH l iai0T bo.tbtmctpbi pira HiMcpcin-ia nepeMeHHoro 
TOKa rapMOHHnecKHX CHrnanoB h bo.ibtmctpbi pna HiMcpeiina iianpHVKcnHii 
cnrHanoB cho>khoh (|)op\iBi. OTJiHnne hx 3aK.Ti0HacTCH b ochobhom b aMn- 
JiHTypHO-HacTOTHbix xapaKTepHCTHKax penn ot Bxopa po npeo6pa30BaTe- 
jifi BKJiioHHTejiBHo . Ociiobiibic oco6eHHocTH HiMcpcin-pi HanpjDKeHHH nepe- 
MeHHoro TOKa 3aKnioHaioTca b cnepyiomeM. 

1. H3-3a orpaHHneHHH pnana30Ha HacTOT (b oGnacra hh3khx h bbi- 

cokhx nacTOT) npn H3MepeHH3x B03HHKai0T pononHHTenbHbie norpeniHOCTH, 
KOToptie b o6meM cnynae jibjhhotcji c hc tc m aT h'i cc k hm h . norpeniHOCTH yBe- 
JIHHHBaiOTCJI npn CHH>KeHHH H yBeJIHHeHHH HaCTOTbl CHTHajia OTHOCHTeJIBHO 
nacTOTbi CHraana, Hcnonb3yeMoro npn rpapynpoBKe BonbTMeTpa. 

fliw BOJiBTMeTpoB ycTanaBJiHBacTca nopMajiBiiaa o6nacTb nacTOT 
F mm - F max , KOTopaa BBiGnpaeTCJi H3 ycnoBHH npeHe6pe>KHM0CTH 
nacTOTHOH norpeniHOCTH § f . TpapyHpoBOHHaH nacTOTa pomKHa HaxopnTB- 
01 b 3toh oonacTH. npn Btixope HacTOTBi cnraana H3 3toh o6nacTH nac- 
TOTHan norpeuiHOCTB pacTeT h MO>KeT pocTHraTb 15 - 25% h 6onee. J\sm 
H3MepeHH3 HanpiDKeHHH rapMOHnnecKHX cnnianoB b nacnopTax papa bojii>t- 
MeTpoB nepeMeHHoro TOKa npHBopHTCn 3aBHCHMOCTb ponoJiHHTenbHOH nac- 
tothoh norpeniHOCTH ot nacTOTbi cnrHana npn npeBbiineHHH nocnepHen Be- 
jihhhhbi F max : 

S f = F(f) 
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3Ta 33 bhchmoctb 3a,naeTCJi Ta6jiHHH0, rpa<j)HHecKH hjih aHajiHTHnecxH. 

IlpH H3MepeHHH HanpmxeHHH cjiojxhoh cjiopMBi onpenejiHTB nonoSHyio 
33BHCHMOCTB MO)XHO JIHHIB ffJIH OnpeHeJieHHOH (})OpMBI CHrHana. 06BIHHO OHa 
onpeneJweTCJi rjisl npHMoyroJiBHoro cnraana. 

2. IloKa3aHH3 Jiio6oro BOJTbTMCTpa jamicm ot (|)op\iBi curnajia h ot 
npeo6pa30BaTeJM nepeMeHHoro nanpivKcnii! b nocToamioc, npiixicniexioro 
B BOJIBTMeTpe. norpeiHHOCTB H3MepeHHH MO'/KCT B03HHK3TB npH OTJIHHHH 
peantHOH (JiopMBi cnraana ot npHHJiTOH. /tJpyroH norpenmocTBio MO>xeT 6 bitb 
norpeiHHOCTB, BBI3BaHHaH HCXa)XeHHeM (})OpMBI CHTHajia B TpaKTe BOJIBTMeT- 
pa, hto CBH33HO c aMnjiHTynHO-nacTOTHOH h aMnjiHTynHOH xapaKTepHCTH- 
KaMH nocHe^Hero. 

3. HcOOXO/IJIXIO yHHTBIBaTB B03M0JXH0CTB COH3MepHMOCTH .HJIHHBI BOJI- 
hbi cnrHajia c jihhhch nepe/ianii \ic>K,iy hctohhhkom h Harpy3xon, a Tax- 

>xe BJiHaHHe conpoTHBJieHHH Harpy3KH jihhhh Ha pe>XHM ee (jiyHxiiHOHHpo- 
B3HH3 (6erymaa Bo.ina h CToanas BOJiHa, CMemaHHBiH pe>XHM). Ohcbh,iho, 
hto b poKHMe 6erymen bojihbi Mecra no,nxjnoHeHHa BOJiBTMeTpa k jihhhh 
H e HMeeT niaHeinia. 0,waxo npn .ipynix pe)XHMax noKa3aHHe BOJiBTMeTpa 
6yzieT 3aBHceTB ot MecTa ero no,nxjnoHeHHa. J\sm nojiyneHHa ^ocTOBep- 
HBIX pe3yJIBTaTOB H3MepeHH3 HanpjDKeHHH IICOOXO.IJIMO TLUaTeJIBHO anajTH- 
3HpOB3TB 3TH HBJieHHII B Xa>K,10M KOHKpeTHOM CJiyHae. 

4. Coe^HHHTejiBHBie npoBona BOJiBTMeTpa yzpiHHaioT Bxo/iHyio pern 
npn6opa. Ohh npepcTaBJiaioT co6oh pern c pacnpepejieHHBiMH nocToaHHBi- 
MH. 3T0 npHBO.THT K TOMy, HTO Ha COOTBeTCTByiOIUHX HaCTOTaX nOKa3a- 
HHe BOJiBTMeTpa cymecTBeHHO OTJiHHaeTCJi ot ii3\icpac\ioro anaHeniia. 

IlpH BBl6ope PJIHHBI COe^HHHTeJIBHBIX npOBO.TOB / pCKOMCIIpyCTCH n0JIB30- 
BaTBCH cjiepyioipHM ycjioBHeM: 

1<).„J(50- 100), 

rpe l mm - pn HHa bojihbi 3JiexTpoMarHHTHoro xoJie6aHHa, BBip ajxeHHaa 

B CM. 

Tpcoonainia k H3MepeHHio nepeMeHHBix nanpavKciniii mojkho a|>op\iyjni- 
poBaTB cJie/iyioiHHM o6pa30M: 

1 . HcOOXO, 1I1MO BBIOHpai B \1CTO,l H jMCpCIIHU, npHBO/piipHH K 33,131111011 
norpeuiHOCTH. 

2. Bxo,inoc conpoTHBJieHHe BOJiBTMeTpa pojdxho o6ecneHHBaTB npe- 
He6pe>KHM0 Majiyio norpeiHHOCTB myHTHpoBaHHa. 

3. HajiHHHe peaKTHBHoro conpoTHBJieHHa Bxo.iiioii iiemi BOJiBTMeTpa 
He pojdxho BBI3BIB3TB cyipecTBeHHOH norpeuiHOCTH b 3anani[0M jwanaione 
HaCTOT. 


4. J \ JIHHa COeHHHHTeJIBHBIX npOBOHOB HOJHKHa 6bitb MHOrO MeHBUie 
MHHHM3JIBH0H PJIHHBI BOJIHBI 3JieXTpOMarHHTHBIX X0Jie6aHHH. 

5. Pcsoiianciiai nacTOTa BOJiBTMeTpa pojDKHa 6bitb Ha nopapox bbi- 
uie naiioo-iBineii nacTOTBi iiixiepaexioro HanpaaceHHa. 

3.3. Oco6eHHQCTii mMepemia napaMeTpoB HanpaMtemia 
nepeMeHHoro Toxa pa3JiHHH0H cbopMBi 

BninycKaeMBie bojibtmctpbi nepeMeHHoro Toxa copepacaT pa3JiHHHBie 
npeo6pa30BaTeJiH nepeMeHHoro HanpaaceHHa b nocToaHHoe. UlKajiBi bojibt- 
MeTpoB MoryT rpapynpoBaTBca p Jia pa3HBix napaMeTpoB nepeMeHHoro Ha- 
npaaceHHa. Ilpn rpapynpoBxe HiKajiBi HMeeT 6ojiBinoe 3HaneHHe (JiopMa ne- 
peMeHHoro HanpaaceHHa. Cjie,iOBaTCJiBiio, b 33bhchmocth ot npHHUToro 
npeo6pa30BaTeJia h ycJiOBHH rpapynpoBXH bojibtmctp nepeMeHHoro Toxa 
MOJKeT H3MepnTB o.iiiH napaMeTpBi HanpaaceHHa nepeMeHHoro Toxa, a no- 
K33BIB3TB ppyTHe 3H3HeHH3. IlpH TpapyHpOBXe HIKajIBI yHHTBIBaeTCH K03(J)- 
(JrapneHT nepecneTa k n H3MepaeMoro napaMeipa nepeMeHHoro Hanpaace- 
hhh b noKa3BiBaeMoe 3HaneHHe. 3to npiiBO,iiiT k TOMy, hto noxaiamia 
pa3JiHHHBix BOJiBTMeTpoB nepeMeHHoro Toxa npn H3MepeHHH o,inoro h toto 
>xe napaMeTpa nepeMeHHoro nanpi>KCHiii MoryT 6bitb pa3JiHHHBi. 

Hco6xo,ihmo oTMeniTB, hto no.iaB.iinoinec 6ojibiiihhctbo bojibtmctpob 
nepeMeHHoro Toxa ( 3 a HcxjnoHeHHeM HMnyjiBCHBix BOJiBTMeTpoB) nporpa- 
nynpoBaHO b cpenHexBanpaTiiHecxHX 3HaneHHHX CHHyeoHnajiBHoro Hanpji- 
jxeHHU. H iMcpiCMBie napaMeTpBi h noxa3BiBaeMBie snaHcniii nepeMeHHBix 
HanpjpxeHHH, a Tax>xe xosiJxjiHiiHeHTBi nepecneTa rjisl stoto cjiynaa npHBe- 
neHBi b Ta6n. 3. 


Ta6jini;a 3 


ripeo6pa30BaTejii> 

3HaneHHe 

3HaneHHe 


nepeMeHHoro Ha- 

Hanp5DKeHH5I, 

Hanpa^ceHHa, 

k n 

npa^ceHHa 

H3MepaeMoe 

noKa3BmaeMoe 


b nocToaHHoe 

BOJIBTMeTpOM 

BOJIBTMeTpOM 


AMnjniTynHbiH (niixo- 


Cpe^HeKBa^pa- 

1/ K 

bbih) neTexTop 

AMmniTyiHoe 

THHeCKOe 

0.707 

ripeo6pa30BaTejii> 


Cpe^HeKBanpa- 


cpezuieBBinpflMJieHHBix 

Cpe^HeBBinp^M- 

THHeCKOe 

1,11 

3HaneHHH 

neHHoe 



IIpeo6pa30BaTejiB 


Cpe^HeKBanpa- 


cpe^HeKBa^paTHHec- 

Cpe^HeKBa^pa- 

THHeCKOe 

1 

KHX 3HaHeHHH 

THHeCKOe 
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noTloGHaa Ta6nHiia MO>xeT 6 htl> npe^no>KeHa h Tina cnynaa rpaTiyn- 
poBKH nojTbTMCxpa b Tipyrnx 3HaneHMX HanpanceHHa. HcoOxotihmo hmcti> 

B BHJiy TaX)Xe pa3-TOHHe BOnbTMeTpOB C OTXpbITbIM H 3aXpbITbIM BXOTIOM. 

IlpH H3MepeHHH napaMeTpoB nepeMeHHoro HanpaaceHHa iicooxopiiMO 

iiiarix 

(|)op\iy H3Mcpac\ioro Hanpa>xeHHa; 

B03M05KHBIH Tinanaion H3MepaeMoro napaMeTpa HanpanceHHa; 

H3Mcpac\ioc h noxa3HBaeMoe 3HaneHJM HanpaaceHHa ncnonb3yeMoro 
BOJiBTMeTpa; 

OTXpblTblH HUH 3aXpbITbIH BXOTl BOUbTMeTpa; 

nacTOTHyio xapaKTepHCTHKy BonbmeTpa. 

PaccMOTpHM Ha npHMepax oco6eHHOCTH HiMcpcm-ia napaMeTpoB Ha- 
np^DKCHHH pa3JIHHHOH (|)Op\lBI. Py/ICM C'lHTaTB, HTO npHMCIiaeMbie BOJIBTMeT- 
pbi nporpaziyHpoBaHbi b cpeTiHexBaTipaTHHecxHX 3HaneHHax CHHycoH^anb- 
Horo Hanp5DKGHH3. 

3 a ,n a h a 1 . BonbTMeTp nepeMeHHoro Toxa c a\f nn my/nibi m Tie- 
reKTopoM noKasan 12 B. HiMcpaevioe HanpaaceHHe HMeeT c hi tyco HTianiniy io 
(}) opMy (pnc. 17). Onpe/ienHTb aMnnHTyTiHoe, cpeTlHexBaTipaTHHecxoe h 
cpe^HeBBinp3MJieHHoe anaHciiHc HanpaaceHHa. 

P e m e h h e. B /lain to m cnynae npn OTcyTCTBHH nocToannoH co- 
CTaBJiaiomeH noK33aHH3 no^o6Horo BonbTMeTpa c otkpbitbim h 3axpbiTbiM 
bxotiom o.THiiaKOBBi. IloKa3aHHe BOUbTMeTpa 12 B eooTBeTCTByeT cpc/ine- 
KBa/ipaTHHecKOMy anaHeiiHio H3MepaeMoro HanpaaceHHa: 

17=12 B; 

U m =l2 k a = 12- V2 = 16,9 B; 

U ce =12 /k^ =12/1,11 = 10,8 B. 

AHanornHHbie peinemin SyziyT h Tina cnynaa ncnonb30BaHHa BonbT- 
MeTpoB c npeo6pa30BaTejMMH cpeTiHeBbinpaMneHHbix h cpeTiHexBaTipaTHHec- 
KHX 3HaneHHH. 



Phc. 17 Phc. 18 

3 a 71 a n a 2. Ha Bxo/tbi BonbmeTpoB nepeMeHHoro Toxa c aMn- 
nHTynHbiM neTexTopoM, npeo6pa30BaTejwMH cpenHeBbinpuMJieHHoro h cpeTi- 
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HexBaTipaTHnecxoro 3HaneHHH noTiaeTca HanpanceHHe npsiMoyroJibHOH tjxop- 
mm co cxBa>xHocTbio Q = 2, U 0 = 0, U m = 10 B (pnc. 18). OnpeneuHTb, 
hto noxanceT xaacTibin BonbTMeTp ( U a ). 

P e m e h h e. /J nn Taxoro HanpnnceHHn k a = k l / J = 1 huh U = 

l/„7 17 ce . 

1 . BonbTMeTp c aMnjiHTynHbiM TieTexTopoM noxanceT U a = U m / k a = 

= 10/1,41 = 7,1 B, hto He eooTBeTCTByeT hh 071110 mv iiiaHeiiHio H3Mepa- 
eMoro HanpjDxeHHn. 

2. BonbTMeTp c npeo6pa30BaTeneM cpenncBBinpaMneniibix snane- 
hhh noxanceT U a = U ce ■ k,/= 10 - 1,11 = 11,1 B, hto Tax>xe He cooTBeT- 
CTByeT TjeHCTBHTenbHOCTH. 

3. BonbTMeTp c npeo6pa30BaTeneM cpenHexBanpaTHnecxHX 3iiane- 
hhh noxanceT U a = U ■ 1 = 10 B. 

3 a 7i a n a 3 H3MepHTb avinni-fTynnoe ananeiiHe nnnoo6pa3Horo 
HanpjDxeHHii (pnc. 19) BonbTMeTpaMH nepeMeHHoro Toxa c aMnnHTynHbiM 
TieTexTopoM, npeo6pa30BaTennMH cpeTiHeBbinpaMneHHbix h cpeTiHexBaTipa- 
TiinecxHX 3HaneHHH. 

PemeHHe. 1. BonbTMeTp nepeMeHHoro Toxa c avinm-iTyniibiM 
ncTCKTopovi h 3axpbiTbiM bxotiom noxa3an U a = 15 B. BonbTMeTp H3Me- 
paeT avinm-fTyniibie 3HaneHHn 6e3 nocToannoii cocTaBnaiomeii: 

u'm=Um-U 0 - 

OneBHTiHO, hto b paccMaTpHBaeMOM cnynae U q = U m / 2, TorTia 


V a = U m l 1-41 = 


Um~ U 0 


OTCiOTia U m = U a ■ 2, 82 = 15 • 2, 82 = 42, 3 B. 

2. BonbTMeTp nepeMeHHoro Toxa c npeo6pa30BaTeneM cpe/ineBBin- 
pnMneHHbix snaneiinii c OTxpbiTbiM fsxo.tom noxa3an 23,48 B. flnn 3Toro 

cnynan noxa3aHHe npn6opa U a = U ce ■ . BMecTe c TeM Tina no7io6- 

U m 

Horo QTiHononapHoro cnraana U ce = Ur, = . TaxHM o6pa30M, 


2 • U „ 2-23,48 

U m = — = = 42, 3 B. 

1,11 1,11 

3. BonbTMeTp nepeMeHHoro Toxa c npeo6pa30BaTeneM cpenneKBan- 
paTH'iccKHX 3HaneHHH c 3axpbiTbiM BXOTiOM noxa3an 12,23 B. noxa3aHHe 
npn6opa eooTBeTCTByeT cpeTlHexBaTipaTHHecxoMy 3HaneHHio cnraana (cm. 
pnc. 19) 6e3 nocToaHHoil cocTaBnaiomeH U f \ 


V =u a = 
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()Tcio;ia 
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Tax KaK rjisl no/io6Horo cnrHana 

U m =QU 0 =QU ce , 


13-5 

u m = xn = 58 > 6 B ' 

3. BoJibTMCTp nepeMeHHoro Toica c npeo6pa30BaTeneM cpepiieKBap- 
paTHHecKHX 3HaneHHH c 3aicpi>rn>iM bxo/iom noKasaji U„j = 17 B. IloKa3a- 
HHe npnSopa cooTBeTCTByeT cpenHeKBanpaTHnecKOMy 3HaHeHioo HanpjDKe- 

hh si U (U* = U a 2 > ) (pnc. 21). y^HTtiBaji, hto K03(}Kj)Hi;HeHT nepecneTa 
rpa/iynpoBKH imcajiBi paBeH 1, HMeeM 

u' =u l m /k a , 

rue k a - K03(J)(j)HLineHT aMnnHTy^ti rjisl nonoSHoro cnraana, paBHBiS 
\IQ- 1 . Tor.ua 

J _ TJ _U m (Q~D _U m ^l 

a 3 = Q^ = Q ’ 


OTKy^a 


v -5*2 

u m I 

ve-i 



Phc. 21 Phc. 22 


3 a a h a 5. Ilo pe3yni>TaTaM n3MepeHH3 bojtbtmctpom nepeMeH- 
Horo TOKa onpenenHTt 3HaneHHe HanpiDKeHHa Ha Btixone OTiHonoJiynepHOTi- 
Horo BBinpuMHTeJiii (pnc. 22). 
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Ha npaKTHKe npn H3MepeHHH napaMeTpoB HanpjDKeHJM BCTpenaioTCJi 
cne/iyiomHe cjiynaH: 

(})opMa HanpjDKeHiM Hen3BecTHa; 

(})opMa Hanp>DKeHH3 H3BecTHa, ho 3aTpyziHHTeJiBH0 bbihhcjihtb Heo6- 
XO^HMbie K03(J)(j)H]3HGHTI>I aMnjiHTynBi H (})OpMBi; 

(|)op\ia nanpavKCHHa H3BecTHa, ho HCKanceHa rnyMOM hjih b pe3yjn>Ta- 
Te npoxo'/Kpiem-Hi cuniana Hepcs pa3JiHHHBie iienw. 

npH 3 tom b o6meM cjiynae nojn>30BaTBca npneMaMH, h3Jiojkchhbimh 
b paj;i. 3.3, neubSfl. 3aflaHa n3MepeHna napaMeTpoB HanpaaceHna MoaceT 
6biTb peuieHa cnejiyioiruiM o6pa30M. /Jjia HiMepeiina a\in.THTy,Tiioro inaie- 
HHa HanpjDKeHHJI Heo6xO/lHMO HCn0JIB30BaTB BOJIBTMeTp C aMnjIHTyUHBIM fle- 
TeKTOpOM; ffJISL H3MepeHH3 C p C,T I re BI>I np a MJTC I II 10 ro 3HaneHHH - BOJIBTMeTp 
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c npeo6pa30BaTeneM cpe/iHeBBinpaMjieHHBix 'jiraHeiniii; /pia H3MepeHna 
cpe/iHeKBa/ipaTHHecKHx 3HaneHHH - bojibtmctp c npeo6pa30BaTeneM cpea- 
HeKBa/ipaTHHecKHX snaaennH. 

npH H3MepeHHH HCOOXO/WMO yHHTBIBaTB OTKpBITBIH H 3aKpBITBIH BXO/I 
BOJIBTMOTpa. M iMCpHH HanpHVKCHHC BOJIBTMeTpOM C 3aKpbITbIM BXOflOM, CJie- 
/lyeT yHHTBIBaTb HajIHHHe HJIH OTCyTCTBHe nOCTOaHHOH COCTaBJIHIOmeH. 
n0CT03HHa3 COCTaBJHHOmaH MOJKeT 6bITb H3MepeHa BOJIBTMeTpOM nOCTOHH- 
hoto Toxa, cojiep'/KamuM Hirrcrpi-rpyiomce 3 bcho (snevicnT). HcnoJii/iya 
BOJIBTMeTp C OTKpBITBIM BXOJIOM, IICOOXO/IJIMO T 3K/KC npC/IBapHTCJJBHO 3H3TB 
3H3K nOCTOUHHOH COCTaBJiaiOIHCH H OpHCItTHpOBOBHO ee BIiaHCIIHC. OTCyT- 
CTBHe 3 toh HH(})opMai;HH MoaceT npHBecTH k TOMy, hto Hccjie,ziyeMaa nepe- 
MeHHaa cocTaBJiaiomaa HanpaaceHHa BBrnaeT 3a npe^eJiBi paSonero ,HHana30- 
Ha BOJiBT-aMnepHOH xapaKTcpucTHKH npcoopasoBaTC-ia. 3 to noBJieaeT 3a 
co6oh cymecTBeHHyio n c n p e,i c k a 3 y c m y 1 o norpenmocTB H3MepeHna. 



